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GEOLOGY, HYDROLOGY, AND GROUND-WATER QUALITY
OF CHESTER COUNTY, PENNSYLVANIA

By Ronald A. Sloto

ABSTRACT
Chester County is a 760-square-mile area in southeastern Pennsylvania. A ground-water

investigation provided basic information on the geohydrologic system and water-bearing capabilities of
the geologic units, water budgets for selected surface-water basins, the relation between ground water and
surface water, and statistical summaries of inorganic, organic, and radiochemical ground-water-quality
data. Also included is a description for all geologic units and a new geologic map for Chester County that
incorporates modern nomenclature and results of recent mapping.

Characteristics of the ground-water-flow system in Chester County, as well as aquifer hydraulic
properties, are relaxed to geology. The 41 geologic units of the county are grouped into (1) Triassic
sedimentary rocks, (2) carbonate rocks, and (3) Paleozoic and Precambrian metamorphosed crystalline and
sedimentary rocks. Beds of IViassic sedimentary rocks form a series of alternating aquifers and
semiconfining units; each bed generally has different hydraulic properties. Most deep wells in Triassic
rocks penetrate several major water-bearing zones and are multiaquifer wells. Ground water in carbonate
rocks flows through a network of secondary openings enlarged by solution. Ground-water and surface-
water divides in carbonate rocks commonly do not coincide, and ground water flows beneath surface-
water divides to or from adjacent surface-water basins. In crystalline rocks, ground water flows through
intergranular openings in the weathered zone and through a network of interconnected secondary
openings in the underlying unweathered rock. The ground-water-flow system in crystalline rocks is
shallow and drains to nearby streams.

Permeability in bedrock depends on the number and size of fractures and in the degree of
interconnection. The number of water-bearing openings decreases with depth. Sixty-tour percent of water-
bearing openings are encountered within 100 feet of land surface, and 92 percent are encountered within
200 feet of land surface. The geologic units with the highest median specific capacities are the Ledger
Dolomite, the Cockeysville Marble, and the Stockton Formation. The median yield of wells drilled in
carbonate and Triassic sedimentary rocks is significantly higher than the median yield of wells drilled in
other types of rocks.

An average water budget for 1975-88 was calculated for screams draining 46 percent of the county.
The average annual precipitation was 473 inches. The average annual evapotranspiration was 262 inches,
which was 55 percent of average annual precipitation. The average annual base flow was 135 inches, and
the average annual surface runoff was 7.9 inches. Average annual recharge was 15.4 inches, which was
32 percent of average annual precipitation. The median annual base flow of streams draining Chester
County ranges from 10.9 to 16.7 inches per year.

Except where adversely affected by human activities, ground water in Chester County is of good
quality and suitable for most purposes. Major ions, in order of decreasing abundance are bicarbonate,
sulfate, silica, calcium, chloride, sodium, magnesium, nitrate, and potassium. Water from 4 percent of
wells sampled contained concentrations of total dissolved solids that exceeded the U.S. Environmental
Protection Agency (USEPA) secondary maximum contaminant level (SMCL). Water from less than
1 percent of wells sampled contained concentrations of chloride and sulfate that exceeded the USEPA
SMCL Concentrations of nitrogen as nitrate in 6 percent of water samples exceeded the USEPA maximum
contaminant level (MCL). No significant difference exists in the median nitrate concentration among
geologic units. Of water samples analyzed, 22 percent contained concentrations of manganese and
13 percent contained concentrations of iron that exceeded the USEPA SMCL. Water from one well
contained a concentration of lead that exceeded the USEPA MCL, and water from one well contained a
concentration of chromium that exceeded the USEPA MCL.

ABSTRACT
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Activities of radium in ground water exceeded the USEPA MCL of 5 pG/L (picocufliffdjfcrHter) for
combined radium-226 plus radium-228 in water from 60 percent of the wells sampled in the Chickies
Quartzite, from 17 percent of wells sampled in other quartzites, and from 18 percent of wells sampled in
carbonate rocks. All ground-water samples from the Chickies Quartzite with pH less than 4.8 contained
radium activities greater than 5 pCi/L. Radon-222 activities among geohydrologic groups were highest for
quartzite and schist; median activities exceeded 2,000 pCi/L. Radon-222 activity exceeded 5,000 pG/L in
water from 14 percent of wells sampled.

Volatile organic compounds were detected in water samples from 32 percent of 225 wells sampled.
Out of 37 compounds analyzed, 21 were detected. The most commonly detected compounds were
trichloroethylene (17 percent of wells sampled) and 1,1,1-trichloroethane (13 percent of wells sampled).
Phenol was detected in water from 41 percent of the wells sampled; however, concentrations exceeded
5 micrograms per liter in only 12 percent of the samples in which it was detected. Undane <7 percent of
wells sampled) and dieldrin (5 percent of wells sampled) were the most frequently detected
organochlorine insecticides. Diazinon (13 percent of wells sampled) was the most frequently detected
organophosphorus insecticide. The triazine herbicide alachJor was detected in 6 percent of wells sampled.

INTRODUCTION
Cheater County has one of the fastest growing populations in the Commonwealth of Pennsylvania.

Many areas of the county, which were formerly agricultural, are being rapidly urbanized. Approximately
60 percent of the county's residents depend on ground water as a source of water supply. As growth
continues and population increases, the demand for ground water also increases.

Human activities have caused local degradation of ground-water quality. A serious consequence of
industrial growth has been contamination of ground-water supplies by volatile organic compounds.
Despite an intensive demand for ground water and localized contamination problems, Chester County has
an abundance of high-quality ground water. Most wells yield an adequate quantity of good-quality water
suitable for most domestic, commercial, and industrial uses.

This study was done by the VS. Geological Survey (USGS) in cooperation with the Chester County
Water Resources Authority and the Pennsylvania Department of Environmental Resources (PaDER),
Bureau of Ibpographic and Geologic Survey.

Purpose and Scope
The purpose of this report is to provide basic information on the geology and the quantity and

quality of ground water in Chester County, Pa. This publication supersedes a report by McGreevy and
Sloto (1977). Data analysis is based on more than 1,000 additional wells and additional chemical analyses
made during 1976-89. This report describes the geohydrologic system and water-bearing capabilities of the
geologic units, presents water budgets for selected basins, describes the relation between ground water
and surface water, and presents statistical summaries of inorganic, organic, and radiochemical ground*
water-quality data. Also included is a new geologic map for Chester County that incorporates modem
nomenclature and recent mapping. The report provides a description for all geologic units and
summarizes relevant geologic literature to 1990. The bibliography includes all relevant references on the
geology and hydrology of Chester County.

Location and Physiography
Chester County is a 760-mi2 area in southeastern Pennsylvania (fig. 1). It lies in the Piedmont

physiographic province of the Appalachian Highlands. The county is characterized by gently undulating
to steeply rolling uplands, which are underlain by deeply weathered crystalline rock in most places. The
uplands slope gently to the southeast. Chester Valley, which trends northeast across the middle of the
county and divides the uplands, is underlain by easily eroded carbonate rock. The highest point in the
county (1,071 ft above sea level) is in the northwest at the top of Welsh Mountain.

INTRODUCTION
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The Triassic Lowlands border the Schuylkill River in the northeastern part of the county^!
lowlands were formed by erosion of the underlying sandstone and shale, which are less reststanV to
erosion than the crystalline rock underlying the uplands. The lowest point in the county (66 ft above sea
level) is in the THassic Lowlands where the Schuylkill River leaves the county.

Most Chester County streams have their headwaters within the county. Major drainage basins
and drainage areas are shown on figure 2. The largest basin is the Brandywine Creek basin, which drains
290 mi2 (38 percent) of the county.
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Figure 1 .-Location of Chester County.

Climate
Chester County has a humid, modified continental climate characterized by warm summers and

moderately cold winters. The mean annual normal (1951-80) temperature at West Chester is 52.6°F
(National Oceanic and Atmospheric Administration, 1982). The mean normal (1951-80) temperature for
January, the coldest month, is 29£°F, and the mean normal temperature for July, the wannest month, is
743*R

The 1951-80 annual normal precipitation at West Chester is 45.73 in. Precipitation is about evenly
distributed throughout the year, with slightly more occurring during July and August

WoU-Numberina System
The well-numbering system used in this report consists of a county abbreviation prefix followed by

a sequentially-assigned number. The prefix CH denotes a well in Chester County. Locations of selected
wells are shown on plates 1 and 2; locations of other wells are given by Sloto (1989). Water samples from
most of the wells shown on plates 1 and 2 were collected for chemical analysis during 1987-89. Data for
wells shown on plates 1 and 2 are given in table 38 in the back of this report. Data on other wells are given
by Sloto (1989). The prefix CH-SF denotes a spring in Chester County. Locations of selected springs are
shown on plates 1 and 2. Data on springs are given by Sloto (1989). Data for springs shown on plates 1 and
2 are given in table 39 in the back of this report.

INTRODUCTION
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EXPLANATION
WHfTE STREAM BASIN NAME AND
CH* DRAINAGE AREA IN

SQUARE MILES

Rgure 2.-Major drainage basins in Chester County, with area drained in square miles.
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PreviousJnvGStiaations . .„̂
y

The geology of Chester County was mapped and described by Bascom and others (1909),
and Miller (1920), Knopf and Jonas (1929), Bascom and Stose (1932 and 1938), Huntsman (1975), Demmon
(1977), and Pupa (1988). Geologic quadrangle maps for Chester County were published by the Chester
County Planning Commission (1973) and Berg and Dodge (1981).

Hall (1934) briefly discussed the water-bearing characteristics of the principal geological formations
of southeastern Pennsylvania. The geology and hydrology of the Stockton Formation in southeastern
Pennsylvania was described by Rima and others (1962). The hydrology of the metamorphic rocks of
central Chester County was described by Poth (1968). McGreevy and Sloto (1977) described the ground-
water resources of Chester County; this report supersedes McGreevy and Sloto (1977). The ground-water
resources of the Hammer Creek Formation in southeastern Pennsylvania were described by Wood (1980).
Sloto (1987) described the effect of urbanization on the water resources ot eastern Chester County. Sloto
(1989) presented ground-water data for Chester County.

McGreevy and Sloto (1980) simulated ground-water flow in the upper Picketing Creek basin, and
Sloto (1991 a) simulated ground-water flow in the Valley Creek basin.

The water table was mapped in the Cockeysville Marble by Speight (1985); in the carbonate rocks of
eastern Chester Valley by Sloto (1987, pi. 2); in central Chester Valley by V\bod (1984); in western Chester
Valley by Wood (1985); in West Chester and East Goshen, West Goshen, Westtown, and Thornbury
Ibwnships by Garges (1986); in East Bradford and West Bradford Townships by Garges (1988), and in the
Red Cay Creek basin by Vogel and others (1991). The potentiometric surface was mapped in the Triassic
age rocks of northeastern Chester County by Senior and Garges (1989) and in the Triassic rocks of north
central Chester County by McManus (1990).

Olmsted and Hely (1962) described the relation between ground water and surface water in the
Brandywine Creek basin. Miller and others (1971) discussed the hydrology of the Picketing and upper
East Branch Brandywine Creek basins.

The ground-water resources on a basin-wide scale were described for the Delaware River by Parker
and others (1964) and for the Schuylkill River by Biesecker and others (1968).
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GEOLOGY
The geologic units of Chester County are combined into three tenanes compo'seS îf sWeral related

structural groups (fig. 3). The stratigraphic nomenclature and geologic age used for geologic units in this
report is that of the Pennsylvania Geological Survey (R.T. Faill, Pennsylvania Department of
Environmental Resources, Bureau of Topographic and Geologic Survey, written commun., 1989 and 1990).
Table 1 compares the stratigraphic nomenclature used in this report with nomenclature used in previous
reports, such as McGreevy and Sloto (1977). Geologic units are shown on plates 1 and 2. Each unit is
described below.
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figure 3.-G«otogic terranes in Chester County.
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Table 1.-Stratigraphiccotumn

Aga Structural group
Gaotogicuntl

Thitraport Barp and otharai 1980)
Quaternary
Tertiary

Early JurasBC
luttTJiaux

Alluvium
Panaaukan and Bridgtton Formations,

undivided
Bryn Mawr Formation

Nawark Supergroup Diabaat
Bnmawick Group

Bryn Mawr Formation
Dtabaaa
Bnmvwick Formation

Haonnar Cjvak Fonnatian
Lockatong FormaAon
Stockton Formation

Haanar Craalt CongUnnantB
Lockalfliig FOHMIIOH
Stockton Formation

Ordovioan and Cambrian
Cambrian

Cambrian and lit* Pncanbrlan

Chaibv VaU«y scquanc* Conaatoga Limatton*
EUmok Umaatom
LadgcrOolomiM
Klnzan Litnaaton*
VtotagaDolomiM
Antictam and Harptn FonBaaona,

uadMdad
ChicUaaQuazttila

Conaatoga formation
CUCD0K normation
LadgarFonnaaon
Kiaaan Fonnatton
Vlntag* Dolomite
Antiatun Formation,

Haipan Fonnatton
OdddaaFoRnation

Aga uncartam, prababty
Cambrian

BaUbnon Mafic Compiax SerpenttiuMd ulttamafite
Gabbfo and mattgabbn

Sarpantina
Cabbrn and gabbroic gnaiaa

LataPracambnantomiddk
Ordovidan

GLanarmSupargnup PetanCnakScUat
OctararoPhyUita

WhManidunScUat

CodcaynntllcMatbl*
SataanQuaflatta

PatanCnak Formation
Wlaiahklmo fbnnatiDn,

Wlauhkkon Formation,
oUgodaaa-mica achiM

GxfcayMUaMaxtala
Satlan Fonnatian

Ag» unknown piobabiy
LataPncambrianandtor)
aaiiyPalaozoic

Pegmatttt
Ultvaadafita
MohMUabaaa
Matagabbn
Mafic gnaiaa. ampbiboUta factae
Matbl*

PagiiiaHia

Matadubaw
Matagabbn
Mafic gnaiaa, Aomblaid«-b«aring
nrankUa Marble

rramibnafl AvondalavVUMtChaatar. FaUc gnaua.
andWbodviUemaaaifs2 Mafic grtaoarampnlbolitafadai

Falalc gnate, granuii» fetiaa
Maflc gnaiaa, granclita fadaa

FaUc gnaiaa. homWanda-baanng
Mafic gnaua, homblenda-bmring
Pahk gnaiaa, pyroxana baiting
Mafic gnaiaa, pyn»otM-b«anng

Pncambnaii MiMRidgtmaaatf F«taic and mafic gnaua Gnrau giwMM
Honay Brook maaaif AnoRhodta

Fdatc gnciaa, amphiboliM fadaa
GnmhUte Mate gnaua, amphiboUbt

FaUcand mtafONdiat* gnaua*
amphiboUfeiiBdaa

Bandad mafic gnaiia, amphiboUt*
fadaa

PaWc (DMiaa, granntita facte
Graphitic Male gnaua, graniiit*

fadaa

Anorthoait*

Graphitic gnaiaa

Granodioriteand granodiorit* gnaiaa

Gabbmand gabbratc gcuaaa
Quartx monxonitaand quartz

moaiotuiB gnau>

1 Quartz-paoMa oonglamania>of ina Brunawick Formamn of McGraavy and StoB (1977).
2 Induda* Baltimore gnatu and gabbro of Baaoom and SUM (1032), and oraniw gnaiaa, gabbroic grwisa and gabbro, and gabbro of

McGraovy and Slon (1977).
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PfQcambriQn Crystalline Rncks of the Honev Brook***̂ "'̂ *̂ *fc< '̂T'r •-fr*-**^*****^^™*""*^**1*^"m- -<- •« «^i^^~i~^f^ ^^ fft

The Precambrian crystalline rocks of the Honey Brook massif (fig. 3) lie north of Crete? Valley. The
rocks of the Honey Brook massif are described by Crawfoid and Hoersch (1984). These units represent a
metamorphosed sequence of rocks of predominantly granitic composition overlain by a basalt-rhyoiite
sequence of calcic-alkaline volcanic rocks (Crawfoid and Hoersch, 1984). The rocks of the Honey Brook
massif have undergone two episodes of burial and metamorphism, one during the Grennlle orogeny and
one during the laconic orogeny (Crawford and Crawford, 1980). The geology was mapped by Huntsman
(1975) and Demmon (1977). The Honey Brook massif includes amphibolite-fades gneiss, granulite-facies
gneiss, and anorthosite. The amphibolite-facies gneiss is distinguished from the granulite-facies gneiss by
the presence of plagioclase and dark green hornblende and by the absence of mesopermite, hypersthene,
and light green augite. A fault separates the amphibolite and granulite fades; where the fault dies out to
the northeast, the amphibolite-facies gneiss to the south has a transitional contact with the granulite-facies
gneiss to the north. The anorthosite is north of the fault.

The amphibolite-facies gneiss includes felsic gneiss, graphitic felsic gneiss, and felsic and
intermediate gneiss mapped as separate units. The amphibolite-facies gneisses are massive and slightly
foliated with granular quartz-rich layers that alternate with and grade into quartz-plagioclase layers, dots
of muscovite flakes parallel scattered biotite layers. Retrograde chlorite partly replaces garnet, biotite,
muscovite, and epidote. The amphibolite-facies felsic gneiss is a quaitz-pUgiodase-biotite-imiscovite-
epidote gneiss with trace hornblende and orthodase. The amphibolite-facies graphitic felsic gneiss is a
quartz-piagiodase-epidote-graphite gneiss with minor biotite and muscovite and trace orthodase; it
differs from the amphibolite-facies felsic gneiss solely by the presence of graphite. Carbon isotope analysis
by Crawford and Valley (1990) indicates that the graphite has an organic origin and that the graphitic felsic
gneiss and marble are derived from sedimentary protoliths. Graphite formation in the graphitic felsic
gneiss and marble is related to metamorphism of organic-rich muds and carbonates accompanied by
localized fluid flow. The amphibolite-facies felsic and intermediate gneiss is a quartz-plagioclase-biotite-
muscovite-epidote gneiss with or without hornblende and with trace garnet in the biotite-rich layers.

The amphibolite-facies banded mafic gneiss consists of alternating layers of quartz-plagiodase-
homblende felsic gneiss (with minor muscovite, biotite, and epidote) and hornblende-plagiodase-biotite-
epidote mafic gneiss. Layer thickness generally ranges from 0-5 to 2 in. In the mafic layers, locally
disseminated garnet porphyroblasts are common. Retrograde chlorite partly replaces some of the mafic
minerals. Apatite, titanite, and zircon are ubiquitous.

The granulite-fades felsic and intermediate gneiss is a medium- to coarse-grained, quartz-
plagioclase-mesoperthite felsic gneiss with subordinate hornblende, augite, and hypersthene. It exhibits a
faint foliation caused by alinement of mafic grains and elongation of quartzo-feldspathic clusters.
Intermediate gneiss contains a somewhat higher proportion of mafic minerals than does the felsic gneiss.
The felsic gneiss is extensively interJayered with subordinate amounts of the mafic and intermediate
gneiss. Retrograde biotite and chlorite surround the mafic minerals. Accessory minerals indude apatite,
titanite, and zircon.

The granulite-fades graphitic felsic gneiss is a medium- to coarse-grained, quartz-plagiodase-
mesopermite-hypersthene-graphite felsic gneiss with subordinate microdine, hornblende, and augite,
which exhibits a faint foliation caused by alinement of mafic grains and elongation of quartzo-feldspathic
dusters. The graphite is present as medium-grained rods, irregular patches, stringers, and as distinct
layers up to 2 in. thick. The granulite-fades graphitic felsic gneiss is extensively interlayered with
subordinate mafic gneiss. Retrograde biotite and chlorite surround the mafic minerals.

The granulite-fades mafic gneiss is a medium-grained, equigranuiar, homblende-plagioclase-quartz
mafic gneiss with augite and (or) hypersthene, subordinate amounts of mesoperthite, and trace amounts
of garnet and biotite. The granulite-facies mafic gneiss exhibits foliation caused by alinement of mafic
grains and is extensively interlayered with the dominant felsic gneiss. Retrograde biotite and chlorite
surround the mafic minerals. Accessory minerals include apatite and zircon.
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Anorthosite is exposed as an elliptical body within the granulite region of the Honey BrooR-

It is a stock-like body with steep to vertical boundaries. The rocks in the anorthosite suite raa
increasing mafic (predominantly hornblende) content, from anorthosite (40 percent) through ieuco-
homblende gabbro (40 percent) to hornblende gabbro (20 percent). The anorthosite is described by
Crawford and others (1971) and Crawford and Hoersch (1984). Plagioclase and hornblende comprise the
bulk of these rocks; augite, hypersthene, and garnet are present in amounts of less than 5 percent The
anorthosite is a massive, dark bluish-gray to light gray to pinkish-gray, coarse-grained, granular
plagioclase gneiss with hornblende, biotite, quartz, apatite, and magnetite. The plagioclase is altered along
fractures to zoisite, clinozoisite, and seriate. The leuco-hornblende gabbro is a massive, "peppered," dark
bluish-gray to light gray, coarse-grained, granular plagioclase gneiss containing less hornblende, biotite,
and magnetite than is present in the anorthosite. The plagioclase is somewhat more sodium-rich than the
plagioclase in the anorthosite. The hornblende gabbro is a massive, light gray to pink, very coarse-grained,
very granular plagioclase gneiss with numerous lenses and layers of hornblende, biotite, and garnet
Accessory minerals include magnetite, apatite, and titanite.

Marble, formerly called Franklin Marble, is associated with the graphitic gneisses north of Chester
Valley. The age of the marble is unknown, but is probably late Precambrian and (or) early Paleozoic. It is
present in discontinuous lenses as a massive, white to light gray, banded marble. The marble commonly
contains abundant graphite flakes. Accessory minerals include quartz, feldspar, pyrite, and muscovite.

Procambrion Crystalline Pocks of the Mine Ridae Masstf
The Mine Ridge massif is south of and contiguous with the Honey Brook massif (fig. 3). The rocks of

the Mine Ridge massif are described by Hoersch and Crawford (1988). The Precambrian rocks of the Mine
Ridge massif consist of amphibolite-facies felsic, intermediate, and mafic gneisses that are not mapped as
separate units, ultramafite, and metadiabase. The mafic rocks are intimately mixed with felsic rocks that
comprise the bulk of the massif; intermediate gneiss is rare. Each gneiss consists of two types.

The felsic gneiss is divided into two types based on texture. The first type of felsic gneiss is a
foliated, light gray, medium-grained, quartz-plagioclase-biotite gneiss with minor muscovite, epidote, and
garnet Biotite comprises about 10 percent of the rock. Elongated quartz grains, lepidobiastic micas, and
alternating granoblastic quartzo-feldspathic and biotite-rich layers define the foliation. The second type of
felsic gneiss is pegmatitic and is further subdivided into (1) a massive, granoblastic, medium- to coarse-
grained potassium-feldspar-bearing gneiss with minor biotite, muscovite, and epidote; and (2) a
muscovite-rich gneiss lacking potassium feldspar and containing minor epidote and garnet.

The intermediate gneiss is (1) a foliated, light gray, medium-grained,, quartz-plagioclase-hornblende
gneiss with minor biotite and chlorite, and (2) a quartz-plagioclase-biotite-chionte-garnet gneiss. Both
types of intermediate gneiss contain quartzo-feldspathic and ferromagnesian lenses and bands parallel to
the foliation. Accessory and minor minerals include epidote, clinozoisite, muscovite, apatite, zircon, and
garnet

The mafic gneiss is (1) a dark gray, homblende-biotite-quartz gneiss that may contain plagioclase
and (or) clinozoisite and small amounts of chlorite, epidote, and titanite; and (2) a greenish-gray, epidote-
chlorite-quartz-titanite gneiss with minor plagioclase. Both types of mafic gneiss are massive and
unfbliated or discontinuous!/ banded with alternating layers of ferromagnesian and quartzo-feldspathic
minerals.

The uitramafite is (1) a dark greenish-gray, fine- to medium-grained, massive, granoblastic to
slightly foliated rock consisting primarily of serpentine, chlorite, talc, and altered hornblende; and (2) a
dark-gray, coarse-grained, granoblastic to slightly nematoblastic hornblendite containing approximately
95 percent hornblende. Chlorite, an alteration product of hornblende, makes up about 5 percent of the
hornblendite. The hornblende also contains minor zircon and serpentine.
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Two small lenses of metadiabase are mapped in the Mine Ridge massif. Their age is/yatfatyyn, but
they are probably late Precambrian and (or) early Paleozoic. The metadiabase is a bluish gra^i greenish
gray, fine-grained rock with ophitic texture containing piagiodase (chiefly labradohte) and pyroxene
(commonly augite). Principal secondary minerals include hornblende, biotite, chlorite, epidote, zoisite,
andalbite.

Procombrian CrvstQlllne Rocks of the Woods/We. West Chester, and Avondale Massifs
The Wbodville, West Chester, and Avondale massifs (fig. 3) are south of Chester Valley. These

massifs are Precambrian gneiss and are surrounded by younger rocks of the Glenarm Supergroup. Bailey
and Mackin (1937) believed the WoodviUe massif to be a nappe; Wagner and Srogi (1987) believe that the
Avondale massif also is a nappe and that the Woodville and Avondale massifs are allochthonous,
remobilized basement. The gneiss of the Brandywine terrane has undergone two episodes of burial and
metamorphism, one during the Grenville orogeny and one during the Taconic orogeny (Wagner and
Crawfbrd, 1975).

These rocks axe the Baltimore Gneiss of Bascom and others (1909) and Bascom and Stose (1932).
They are now mapped as amphibolite- and granulite-faries felsic and mafic gneisses and are described by
Wagner and Crawfbrd (1975).

The amphiboUte-fades felsic and intermediate gneiss is a light- to medium-gray, medium-grained,
finely to coarsely layered, quartz-plagiociase-biotite-potassium-feldspar-garnet gneiss with or without
hornblende.

The amphibolite-faties mafic gneiss is a medium- to dark-gray, medium-grained, finely to coarsely
layered plagiodase-homblaide-pyroxene-biotite gneiss that may or may not contain quartz, garnet, and
titanite. Metadiabase also is present

Granuiite-fades gneiss is present only in the West Chester massif. The granulite-facies felsic gneiss
has a variable composition-medium- to dark-gray, coarse-grained, plagioclase-quartz-orthodase-garnet-
biotite-hypersthene/dinopyroxene gneiss (strongly lineated) to light-gray, fine- to medium-grained
quartz-mesoperthite-gamet gneiss with or without biotite or hypersthene. Quartz-kyanite rocks and
quartz-garnet rocks with or without kyanite are present locally.

The granulite-facies mafic gneiss is a medium- to dark-gray, medium-grained, granoblastic,
plagiodase-dinopyroxene-hypersthene-gamet gneiss with or without biotite, quartz, orthodase, and
hornblende as accessory minerals.

Crystalline Rocks of Probable Late Precambrian and fort Early Paleozoic Aae
Crystalline rocks of probable late Precambrian and (or) early Paleozoic age indude pegmatite,

ultramafite, and metadiabase. Pegmatite and metadiabase are found in most areas of Chester County.
Ultramafite mainly is found south of Chester Valley.

Pegmatite is present as numerous dikes and lenses that vary greatly in width. Few pegmatite dikes
can be traced continuously for long distances. In many places, pegmatite bodies were mined for feldspar
and mica. Pegmatite is a light colored, very coarse- to coarse-grained, granitic rock containing mostly
alkali feldspars (microdine, orthodase, microperthite, and sodic piagiodase) and quartz with subordinate
muscovite or biotite (Bascom and Stose, 1932, p. 9). Minor garnet, tourmaline, pyrite, and corundum are
present locally.

Ultramafite occurs as discontinuous pods and masses, some of which are several square miles in
area. Ultramafite forms a thin, poor soil that supports a characteristic flora of scrub pine, mountain pink,
and cat briar; areas underlain by ultramafite are known as "barrens." Ultramafite is a yellowish-green,
grayish-green, dark green, and medium-dark gray peridotite and pyroxenite, usually altered to serpentine,
steatite, talc, actinolite, tremolite, and numerous other accessory minerals.
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Metadiabase forms numerous dikes from a few inches to many feet wide. The dikes arirMfdll the
same age. Metadiabase is a bluish gray to bluish- to yellowish-green, fine-grained to'6*jwftfrock
composed of labradorite and augite (Bascom and Stose, 1938, p. 42-43). Some dikes are porphyrioc and are
mottled with phenocrysts of white, lath-shaped feldspar. In the bluish- to yellowish-green dikes, the
labradorite is altered to zoisite, and the augite is altered to hornblende and phenocrysts of biotite.

Crystalline Rocks of the Glenorm Supergroup
The metasedimentary rocks of the Glenarm Supergroup are south of Chester Valley (fig. 3). They

range in age from late Precambrian to Middle Ordovician (Berg and others, 1986). The Glenarm
Supergroup was subject to intense deformation and metamorphism during the laconic orogeny (Wagner
and Crawfbrd, 1975). McKinstry (1949) mapped the mineral isograds in the Qenann Supergroup.

The Setters Quartzite and Cockeysville Marble are probable continental margin deposits that
unconformably overlie the older felsic and mafic gneisses of the Brandywine terrane (Wagner and Srogi,
1987, p. 115). The Wissahickon Schist, Octoraro Phyllite, and Peters Creek Schist were formed as
accretionary sedimentary prisms during a collision of the North American continent and a volcanic arc
(the Brandywine terrane) during the early Paleozoic (Wagner and Srogi, 1987, p. 122-123).

The Setters Quartzite is the basal formation in the Glenarm Supergroup. It is present as a narrow
marginal fringe on the Woodvillc and Avondale massifs. The Setters is a white to light-gray quartzite,
quartzose schist, and potassic-feldspar-quartz-bioHte-muscovite schist. The lower part of the Setters is a
dark, biotite-quartz-ormoclase(?)-miiscovite schist; mica constitutes about 50 percent of the rock.
Accessory minerals in the Setters include hornblende, magnetite, apatite, garnet zircon, titanite, and
schorl. Bascom and Stose (1932, p. 4) estimate that the Setters is as much as 1,000 ft thick.

The Cockeysville Marble crops out adjacent to the Setters Quartzite and also in several small lenses.
The Cockeysville is a white, coarse-grained, saccharoidal marble and light gray, fine-grained, banded
marble. The Cockeysville commonly contains scattered, golden-brown phlogopite flakes. Bascom and
Stose (1932, p. 4) estimate that the Cockeysville is less than 500 ft thick; it is probably 100 to 165 ft thick in
most places.

According to the model proposed by Wagner and Srogi (1987), the Wissahickon Schist contains
sedimentary rocks deposited in three different tectonic settings: (1) oceanic sediments that accumulated
in an accretionary prism on the descending tectonic plate, (2) sediments originally deposited in a forearc
basin on the overriding plate that later became involved in deformation, and (3) syntectonic flysch
resulting from plate collision.

The Wissahickon Schist consists of metasediments metamorphosed to amphibolite grade. It
conformably overlies the Cockeysville Marble; where the underlying Cockeysville and Setters are missing,
the Wissahickon is in fault contact with the underlying gneiss. The Wissahickon is a light to medium gray,
fine- to medium-grained, quartzo-aJuminous schist and gneiss. Composition ranges from quartz-
orthodase-biotite and orthodase-quartz-muscovite schist to quartz-biotite-plagiodase and quartz-
plagioclase-biotite schistose gneiss. Garnet and (or) siUimanite are locally abundant Foliation is generally
very well developed. North of the Avondale massif, the Wissahickon contains several small ultramafic
bodies. Bascom and Stose (1932) estimate the thickness of the Wissahickon Schist and Octoraro Phyllite to
be 5,000 to 8,000 ft

Amphibolite-facies mafic gneiss is interiayered with the Wissahickon Schist south of the Avondale
massif. The amphibolite-facies mafic gneiss is a dark-gray, medium-grained, homblende-plagiodase-
orthodase-quartz gneiss. Several lenses of amphibolite-facies mafic gneiss also are mapped in the
amphibolite-facies felsic gneiss of the Avondale massif and may not be related to those in the Wissahickon
Schist Wagner and Srogi (1987, p. 115) interpret the origin of the amphibolite bodies in the Wissahickon as
possible basalt flows interiayered with the sediments of the Wissahickon or blocks of crustal debris in a
tectonic melange. The amphibolite bodies have major and minor trace element constituents similar to
abyssal tholeiites (Wagner and Srogi, 1987, p. 115).
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The South Valley Hills south of Chester Valley are underlain by the Octoraro Phyllite
Formation albite-chlorite fades of Bascom and Stose, 1938). Along the northern edge of its gyi£&a area,
the Octoraro Phyllite may be bounded by a major thrust fault and may be thrust over the^neBtoga
Limestone. The Octoraro Phyllite is a bluish-gray to greenish-gray, well-foliated, quartz-muscovite-
chlorite phyflite with lustrous, smooth laminae, it commonly contains quartz lenses parallel to the laminae
around which the foliation wraps. The Octoraro is finer grained to the north. Locally, a purplish slate is
present. Small plagiocJase crystals am common in some of the layers.

The Peters Creek Schist consists of a flyschoid sequence of metagraywacke and pelite rich in quartz
and magnetite (Lyttle and Epstein, 1987). The Peters Creek Schist generally is a green, fine-grained, finely-
laminated, mica schist with numerous thin to thick interbeds of chlorite-beanng granular quartzite. The
pelitic part is usually a quartz-muscovite-chlorite-orthoclase schist Bascom and Stose (1932, p. 6) estimate
that the Peters Creek Schist is about 2,000 ft thick.

Crystalline Rocks of the Baltimore Mafic Complex
The ailochthonous Baltimore Mafic Complex straddles the State line in the southwestern part of

Chester County. The Baltimore Mafic Complex consists of a basal dunite unit, a layered transitional unit,
and an upper gabbro unit (Hanan and Sinha, 1989). The complex may have formed in a marginal basin
originating inland from a continental margin volcanic arc or as a sub-arc plutonic complex.

The basal and transitional units are mapped as serpentinized ultramafite (pi. 2). The basal
ultramafite consists of serpentized dunite and chromia'te; it is in thrust fault contact with the Wissahickon
Schist. Overlying the ultramafite is a transitional unit of interiayered cumulus peridotite, pyroxenite, and
gabbro. Hanan and Sinha (1989) estimate that the thickness of both units is less than 3,000 ft. The upper
gabbro and metagabbro unit consists of mostly metamorphosed hypersthene gabbro containing numerous
cumulus peridotite layers. The upper gabbro unit also is in thrust fault contact with the Wissahickon
Schist. Hanan and Sinha (1989) estimate that the Baltimore Mafic Complex is less than 6,500 ft thick.

Metamorphosed Sedimentary Pocks of the Chester Vfallev Sequence
Chester Valley, which cuts through the center of the county, is underlain by Cambrian and

Ondovician limestone and dolomite (Chester Valley sequence, fig. 3). Basal quartzites in the sedimentary
sequence underlie the North Valley Hills north of Chester Valley. These units also are present west of the
Honey Brook massif. Thickness estimates for each unit given below are from Bascom and Stose (1932 and
1938).

The rocks that comprise the Chester Valley sedimentary sequence were deposited by continental
margin sedimentation when the Honey Brook massif became submerged during the late Precambrian,
Cambrian, and Ondovician; during that time, this area was the eastern edge of the North American
continent (Rodgers, 1968, p. 141-148).

The Chickies Quartzite is a very resistant unit that forms prominent hills. Depositions]
environments include interndal sand flat subtidal channel, and tidal flat pond (Good win and Anderson,
1974). The Chickies Quartzite is a white to light gray, thin- to thick-bedded, cross-bedded, medium-
grained quartzite with interbeds of quartzose schist and sandy mica schist The basal Hellam Member,
which is not mapped as a separate unit in Chester County, is a coarse-grained, schorl-bearing quartzite
and arkosic pebble conglomerate. The Chickies Quartzite is about 500 ft thick.

The Antietam and Harpers Formations are not mapped as separate units in Chester County. In
general, they consist of gray, thin- to thick-bedded, laminated quartzite, quartzose schist, and sandy
micaceous schist. Kaumttan and Frey (1979) interpret the Antietam Formation as a line of barrier islands
fronting the early Cambrian continent. The Antietam Formation is a gray laminated quartzite and
quartzose schist that grades downward into the Harpers. The Antietam is 150 to 450 ft thick. Schwab
(1970) interprets the Harpers Formation as a vertical repetition of (1) nearshore and shallow marine
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platform sands, and (2) offshore, fine-grained, deep-water turbitite deposits. The Harpers Formation^aV'f ,
gray, sandy, micaceous schist with interbeds of quartz schist and thin-bedded quartate. It is 500 to 1,500̂
thick.

The Vintage Dolomite crops out in a narrow band in eastern Chester Valley and in several small
occurrences west of the Honey Brook massif. The Vintage is a dark gray, granular dolomite with a wavy
texture. A white marble is present at the base. The lower part of the Vintage is a fine-grained, thin- to
medium-bedded, argillaceous to sandy dolomite with abundant mica on the bedding planes. The upper
part is a light gray, fine- to coarse-grained, thick-bedded dolomite. The Vintage grades into the underlying
Antietam Formation. The Vintage is 600 ft thick west of the Honey Brook massif and 200 to 300 ft thick in
Chester Valley.

The Kinzers Formation crops out in a thin band adjacent to the Vintage Dolomite. The Kinzers is a
gray, micaceous limestone and calcareous mica schist with interbeds of dark gray shale, dark gray
argillaceous limestone, and sported gray to white marble. The Kinzers grades downward into the Vintage
Dolomite. The Kinzers is about 130 ft thick west of the Honey Brook massif and less than 30 ft thick in
Chester Valley.

The Ledger Dolomite is a white to light gray, massive to thick-bedded, granular, rather pure
dolomite with a high magnesium content The dolomite is interbedded with some siliceous beds and
laminated limestone. The Ledger contains a few beds of marble with a high calcium content. The lower
contact is gradational with the Kinzers Formation. The Ledger is 660 to 1,000 ft thick.

The unit mapped as Elbrook Limestone in Chester County may not be the same unit mapped as the
Elbrook to the west of Chester County (R.T. Fail], Pennsylvania Department of Environmental Resources,
Bureau of Topographic and Geologic Survey, written commun., 1991). It is called the Hbrook. Limestone in
this report. The Elbrook forms low hills in Chester Valley. The Elbrook is a light gray to white, finely
laminated, fine-grained, interbedded limestone and marble. Concentrations of coarse-grained mica on
parting planes are a pressure-solution residue parallel to regional cleavage. The lower contact is
gradational with the Ledger Dolomite. The Elbrook is 300 to 800 ft thick.

The Conestoga Limestone is present only in Chester Valley, where it crops out along the southern
edge. The Conestoga is a blue-gray, thin-bedded, argillaceous limestone with intervals of a purer, granular
limestone. Mica coats most of the bedding and cleavage planes. The impure part of the Conestoga has
thin-bedded alterations of dark gray, clayey, silty, slaty, micaceous layers and medium gray, argillaceous
limestone that imparts a characteristic banded appearance to the rock. Some of the basal beds are a coarse
limestone conglomerate containing large pebbles and irregular masses of coarse white marble in a gray
limestone. It unconformably overlies the Elbrook Limestone. The upper contact of the Conestoga may be
marked by a thrust fault that brings the Octoraro Phyllite over the Conestoga. The Conestoga Limestone is
500 to 800 ft thick.

Triossjc Se ĵjmentgry and Jijjqssf^ Igneous Rocks of tho^Newark SyperQEpup
Late Triassic sedimentary rocks of the Newark Supergroup crop out in northern Chester County

along the Schuylkill River (fig. 3). They dip about 12°. The Triassic sedimentary rocks are predominantly
lacustrine sediments deposited in the extensive, dosed Newark basin, which was occupied by a shallow,
alkaline lake. The Newark basin was formed by crustai downwarping. Subsidence kept pace with
deposition, and sediment filled the basin from all sides. The sediments are laterally and vertically
transitional between depositional environments. Following deposition, the basin was tilted toward the
northwest by simultaneous faulting and folding (Faill, 1973, p. 725). Toward the end of deposition, early
Jurassic diabase intruded the sediments. The sedimentary formations are the Stockton, Lockatong, and
Hammer Creek Formations, and the Brunswick Group.

The depositional environments of the Stockton Formation include alluvial, marginal lacustrine, and
nearshore lacustrine (Tumer-Peterson, 1980). The Stockton consists of light to medium gray, thin- to thick
bedded, fine- to coarse-grained arkosic sandstone in the lower part and reddish brown to purplish gray,
fine-grained sandstone, siitstone, shale, and mudstone in the upper part. The lower contact is
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unconformabie with underlying Precaxnbrian rocks. When? the St. Peters diabase shee^nQnides the
Stockton, the Stockton is an indurated, highly arkosic, fine-grained, gray conglomerate. RifnVaritf others
(1962, p. 9) estimated that the Stockton is 2,300 ft thick at PhoenixviUe.

The Lockatong Formation crops out in a narrow band in northern Chester County and has an
average dip of 15°. Offshore lacustrine deposits formed the Lockatong (Turner-Peterson, 1980). The
Lockatong Formation is predominantly a medium to dark gray, thick- to very-thick-bedded argillite with
thin beds of gray to black shale, siltstone, and marlstone. The depositional sequence is composed of
alternating detrital and chemical-lacustrine cycles (Van Houten, 1964). The detrital cycles, averaging 14-
20ft thick, consist of laminated, medium-dark-gray to black, calcareous, pyritic siltstone and shale
overlain by dark gray, platy to massive, calcareous siltstone and fine-grained sandstone. The chemical-
lacustrine cycles, averaging 8-13 ft thick, consist of medium dark gray to black, platy, dolomitic siltstone
and marbtpne overlain by massive, gray or red, analcime- and carbonate-rich siltstone. The lower contact
of the Lockatong grades into and laterally interfingers with the Stockton Formation. The Lockatong is
about 1,500 ft thick at the Schuylkill River and thins westward (Bascom and Stose, 1938, p. 72).

The Hammer Creek Formation (Brunswick Formation quartz pebble conglomerate of Bascom and
Stose, 1938, p. 74) sediments were deposited in an alluvial fan. The Hammer Creek is a medium- to very-
thick-bedded, fine- to coarse-grained quartz and quartzite conglomerate in a red to brown sandstone
matrix interbedded with coarse-grained, red to brown sandstone and red siltstone and shale.

The Brunswick Group (Brunswick Formation of Baacom and Stose, 1938, p. 73) is late IHassic in age
in Chester County. Sediments of the Brunswick were deposited in a lacustrine-nearshore environment The
Brunswick Group consists of grayish-red to reddish-brown, evenly- to irregularly-bedded, thin- to
medium-bedded shale, siltstone, and fine-grained sandstone containing a few green and brown shale
interbeds. Mudcracks, ripple marks, crossbeds, and burrows are common. The Brunswick contains detrital
cycles of medium to dark gray and olive to greenish gray, thin-bedded shale and siltstone. Near the base are
tongues of thick-bedded red argillite interbedded with dark gray argillite characteristic of the underlying
Lockatong Formation. The lower contact is gradational with the Lockatong. The Brunswick laterally
interfingers with the Lockatong and Hammer Formations. Bascom and Stose (1938, p. 76) estimated that the
thickness of the Brunswick Group and Hammer Creek Formation together is about 8,000 ft.

Early Jurassic diabase intrudes the IHassic sedimentary rocks as dikes and sheets. It is a dark gray to
black, fine- to medium-grained, intrusive igneous rock. It forms dikes up to several miles long. In
northwestern Chester County, a large intrusive body, the St Peters sheet forms a prominent ridge The
shales and siltstones in contact with the sheet have been thermally altered.

Quaternary and Tertian/ Deposits
Tertiary deposits include a few discontinuous patches of the Bryn Mawr Formation and the

Pensauken and Bridgeton Formations, undivided, in northeastern Chester County. Bascom and Stose
(1938, p. 78-80) considered the deposits east of Valley Creek to be Quaternary in age and interpreted them
as the ancestral channel of the Schuylkill River 140 ft above its present level. These deposits are of small
area! extent

The Bryn Mawr Formation forms high-level terrace deposits consisting of reddish-brown gravel,
"ironstone conglomerate," gravelly loam, sand, and sandy loam, some of which is firmly indurated.

The Pensauken and Bridgeton Formations, undivided, consist of dark reddish-brown, cross-
stratified, feldspamic quartz sand with some thin beds of fine to coarse gravel and layers and lenses of clay
or silt Most of the clasts are pebbles and cobbles, but a few are boulders. The matrix is earthy and muddy;
iron oxide cement imparts a considerable hardness to the deposits. Owens and Minard (1979, p. 45)
consider the Pensauken and Bridgeton to be of Miocene age.

Quaternary alluvium is present as fine- to medium-grained unconsolidated material in and along
stream valleys as stream-bottom and flood-plain deposits. The alluvium consists mostly of silt, sand, and
pebbles mixed with locally derived cobbles.
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HYDROLOGY
All geologic units in Chester County are considered to be aquifers. The terms geologic imit' and

aquifer are used interchangeably in this report. The geologic units are sometimes referred to as "beifrtock
aquifers." Nearly all wells have casing set into the upper few feet of unweathered rock and are completed
as open-hole wells. A less-permeable overlying geologic unit or part of the geologic unit may be
considered as a confining unit locally.

Aquifer and Well-Construction Characteristics
Aquifer and well-construction characteristics are briefly discussed in the following sections. Because

of the many geologic units in Chester County, data for each geologic unit or geohydrologic group are
given in tables in each section. For statistical analysis and description, the 41 geologic units mapped in
Chester County have been grouped into six geohydrologic groups based on similar geologic, hydraulic,
and ground-water-flow system characteristics (except for group six). These groups are (1) Triassic
sedimentary rocks (Brunswick Group; Hammer Creek, Lockatong, and Stockton Formations);
(2) carbonate rocks (Conestoga Limestone, Hbrook Limestone, Ledger Dolomite, Kinzers Limestone,
Vintage Dolomite, Cockeysville Marble, and marble); (3) quartzite (Antietam and Harpers Formations,
Chickiea Quartzite, and Setters Quartzite); (4) schist (Peters Creek Schist, Octoraro Phyllite, and
Wissahickon Schist); (5) gneiss (all felsic, mafic, and intermediate gneisses); and (6) all other units (diabase,
ultramafite, serpentinite and pyroxenite, gabbro and metagabbro, pegmatite, metadiabase, metagabbro,
and anorthosite). The last geohydrologic group (all other units) includes geologic units of small area!
extent that are not important water-bearing units (such as metagabbro and ultramafite), intrusive units
(such as diabase, metadiabase, and pegmatite), and units that do not fit into other categories (such as
serpentinite, pyrcotinite, and anorthosite).

Analysis-of-variance tests were made to determine whether statistically significant differences in
hydraulic characteristics exist among the geologic units or geohydrologic groups. Nonparametric
(distribution free) statistical tests were used because the data are not normally distributed. Specific
capacity data for the Cockeysville Marble, for example, spans four orders of magnitude. Data were ranked
from lowest to highest values; an average rank was assigned to equal values. The Kruskal-WaUis test, a
nonparametric one-way analysis of variance using rank-transformed data, was used to test for statistically
significant differences among groups at the 95-percent level of confidence. The null hypothesis tested by
the Kruskal-Wallis test is that all groups come from the same population or from populations with equal
medians. For ranked data, the median and the mean are equal If the null hypothesis is rejected, the
alternative hypothesis is mat at least one group is from a different population or has an unequal median.
The Kruskal-Wallis test, however, does not indicate which group is different.

If the null hypothesis of the Kruskal-Wallis test was rejected (p greater than or equal to 0.05),
indicating at least one group was significantly different, further testing using a multiple comparison test
(MCD was performed to identify the geologic units or geohydrologic groups with significantly different
medians. Because sample size is unequal, Tukey's studentized range test, honestly significant difference
procedure (Steel and Tome, 1960, p. 109*110), was the MCT used on the rank-transformed data to make
multiple comparisons and test for significant differences at the 95-percent confidence level.

Woter-Beoring Zones
Primary (intergranular) porosity below the weathered zone, except in a few Triassic sedimentary

units, is virtually nonexistent in the geologic units of Chester County. Ground water flows through a
network of interconnected secondary openings that comprise the water-bearing zones that provide water
to wells. The number and size of the water-bearing openings determines the secondary porosity of the
rock; the number, size, and degree of interconnection of the openings determines the secondary
permeability. The larger and more numerous the openings, the greater the yield of a well.

The frequency of occurrence of water-bearing zones decreases with depth (fig. 4). The distribution of
3,025 water-bearing zones in 1,414 wells (143,658 ft of uncased borehole) up to 1,000 ft deep was analyzed
(table 2). The data are summarized by geohydrologic group and expressed in units of water-bearing zones
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per 100 ft of uncased borehole. Schist and gneiss are combined in table 2 and on figure 4 because
nearly identical frequency distributions. Sixty-four percent of water-bearing zones for att̂ §C)joeic units
are encountered within 100 ft of land surface, and 92 percent are encountered within 200 ft of^ncTsurface.
More than three water-bearing zones per 100 ft of uncased borehole for all geologic units are encountered
in the upper 100 ft, more than two water-bearing zones per 100 ft are encountered in the upper 200 ft, and
less than one water-bearing zone per 100 ft is encountered below 200 ft. Fewer water-bearing zones per
100ft of uncased borehole were encountered in carbonate rock (1.50 zones) than in the other
geohydrologic groups (2.07-2.48 zones). However, the water-bearing zones in carbonate rock generally are
enlarged by solution and transmit more water than do water-bearing zones in noncarbonate rock that are
not enlarged by solution.

Specific Capacity
Specific capacity is a better measure of aquifer productivity than well yield because it is calculated

using data from a pumped well. Specific capacity is calculated by dividing the pumping rate of a well by
the drawdown. Specific capacity for a well pumped at a constant yield decreases with time. Reported
specific-capacity data for wells in Chester County are given in table 3. The specific-capacity data are based
on aquifer tests conducted by drillers, water purveyors, and consultants. Data given in table 3 for the
Lockatong Formation, Kinzers Limestone, and Vintage Dolomite may include wells that penetrate and
derive water from underlying formations. The Kinzers Limestone and Vintage Dolomite are thin in
Chester Valley. Wells drilled in the low-yielding Lockatong Formation may tap more productive units
below the Lockatong.

The specific capacity of nondomestic wells provides a better estimate of maximum aquifer
productivity than does the specific capacity of domestic wells. Specific capacities of nondomestic wells are
significantly higher than specific capacities of domestic wells at the 95-percent level of confidence. Part of
the difference is because nondomestic wells generally are deeper, penetrate more water-bearing zones, and
have larger diameters than domestic wells. Nondomestic wells usually are drilled for maximum yield;
domestic wells usually are drilled only until an adequate yield for domestic use is obtained. Also,
nondomestic wells commonly are located in valleys, and wells located in valleys generally have higher
specific capacities than those in other topographic settings.

Specific-capacity data for nondomestic wells, together with data on available drawdown, provide a
reasonable base for estimating yields of wells penetrating the various geologic units. This information can
be used to determine which geologic units are the best water-producing units and which units are the
poorest

Based on the median specific capacity of nondomestic wells (table 3), carbonate rock is the most
productive geohydrologic group, followed in order of decreasing productivity by Triassic sedimentary
rocks, gneiss, schist, and quartzite. The frequency distribution of specific capacity for all wells in each
geohydrologic group is shown on figure 5.

Analysis-of-variance tests using Tukey's MCT were made on specific-capacity data for nondomestic
wells to test for significant differences among geohydrologic groups at the 95-percent confidence level.
Tukey's MCT showed that, although the median specific capacity of nondomestic wells drilled in
carbonate rocks is higher than the median specific capacity of nondomestic wells drilled in the other
geohydrologic groups, the median specific capacity of nondomestic wells drilled in carbonate rocks is not
significantly different than the median specific capacity of nondomestic wells drilled in Triassic
sedimentary rocks or gneiss.

Based on the median specific capacity of nondomestic wells (table 3), the most productive geologic
units are the Ledger Dolomite, Cockeysville Marble, and the Stockton Formation. Based on the median
specific capacity of domestic wells (table 3), the least productive geologic units are the Lockatong
Formation, Duckies Quartzite, amphibolite-facies graphitic felsic gneiss, and granulite-faries mafic gneiss
(Brandywine terrane). If more data were available, diabase probably would be included in the group of
least productive geologic units (Biesecker and others, 1968, p. 152).
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Figure 4.-Distribution of water-bearing zones with depth.
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Table 2. -Mmrfw of water-bearing zones reported per 100 toot of uncased borehole driSed
[-, no data]

Triauicsedbnaniary
fix* (114 Waft!)

Interval
(feet)

0-50
51-100
101-150
151-200
201-250
251-300
301-350
351-400
401-450
451-500
501-550
551 -£00
Over 600

Total (mean)

Number of water-
bMringzone*

Pene-
trated

28
164
89
39
9
3
1
6
0
1
4
1
-

345

Per 100
(Ml of

borehole
2.78
2.»4
158
113
1.13
.78
.40

258
0
1.00
4.00
1.75
-
(248)

Footage
drifted
(tool)

1,007
5387
3,449
1,830

795
383
250
233
102
100
100
57
-

13,893

Carbonate mdt
(147 wells)

Number of water-
bearing ione$

Pene-
tated

45
108
55
33
18
6
7
4
5
5
0
1
0

287

Par 100
feet of

borehole

2.81
233
153
1.13
.91
.42
.77
55
.94

1.29
0
2.00
0
(150)

Footage
diiled
fteei)

1.604
4335
3,601
2,933
1,989
1,434
914
730
532
389
73
50
5

19X188

Guam)*
(11 6 watts)

Number ol water-
bearing zone*

Pene-
taleti

25
101
55
19
16
9
3
-
-
-
-
-
-

228

Per 100
(Ml Of

borehole
2.97
2.66
1.84
1.09
150
182
294
-
-
-
-
-
-
GOT)

SchMandgneiM
(1.007 wefts)

Footage
drifted
(!•*)

043
3.791
2.W2
1,744
1,064

495
102
-
-
-
-
-
-

11,021

Number of water-
bearing zones

Pene-
trated

421
1,047

380
170
71
37
16
to
4
1
0
0
0

2,165

Per 100
laatof

borahota
4-26
2-99
1.69
135
.90
.71
.61
.68
58
29

0
0
0
C-17)

Footage
drilled
(to*)

9,881
34,071
22325
13,186
7,871
5,197
2.628
1,478

692
362
250
180
465

99,686

All geologic units
(1.4 14 welt)

Number of water-
bearing zones

Pene-
trated

519
1,420

579
269
114
55
27
20
9
7
4

2
0

3,025

Per 100
leetof

borehole
3.89
289
1-78
1.37

97
.73
.69
.82
.68
.82
.95
.70

0
an)

Footage
drilled
(feat)

13335
49,184
32557
19,692
11,719
7509
3394
2,411
1326

851
423
287
470

143,658
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Analysis-of-variance tests were made on specific-capacity data for nondomestic

units with seven or more values using Tukey's MCT to test for significant differences amowsfc jg i c units
at the 95-percent confidence level. Tukey's MCT showed that although the median speoHJf capacity of
nondomestic wells drilled in the Ledger [Dolomite is higher than the median specific capacity of
nondomestic wells drilled in the other geologic units, the specific capacity of nondomestic wells drilled in
the Ledger Dolomite is not significantly different than the median specific capacity of nondomestic wells
drilled in the Stockton Formation or the Cockeysville Marble.

Well Yield
Reported well-yield data for wells in Chester County are given in table 4. The yield of nondomestic

wells provides a better measure of maximum aquifer yield than the yield of domestic wells for the same
reasons cited in the section on specific capacity. Data given in table 4 for the Lockatong Formation, Kinzers
Limestone, Vintage Dolomite, and metadiabase may include wells that penetrate and derive water from
underlying formations. The Kinzers Limestone and Vintage Dolomite are thin in Chester Valley. Wells
drilled in the low yielding Lockatong Formation may tap more productive units below the Lockatong.

Analysis-of-variance tests were made on yield data for nondomestic wells in geologic units with
seven or more values using Tukey's MCT to test for significant differences in yield among geologic units a t
the 95-percent confidence level, Tukey's MCT showed that although the median yield of nondomestic
wells drilled in the Ledger Dolomite is higher than the median yield of nondomestic wells drilled in the
other geologic units, the median yield of wells drilled in the Ledger Dolomite is not significantly different
than the median yield of nondomestic wells drilled in the Brunswick Group, Cockeysville Marble,
granulite-fades felsic gneiss (Honey Brook massif), Stockton Formation, amphibolite-fades felsic gneiss
(Brandywine terrane), Conestoga Limestone, Hbrook Limestone, and the amphibolite-facies graphitic
felsic gneiss.

Analysis-of-variance tests were made using lukey's MCT on yield data for nondomestic wells to test
for significant differences in yield among geohydrologic groups at the 95-percent confidence level. Tukey's
MCT showed that the median yield of nondomestic wells drilled in carbonate and THassic sedimentary
rocks is significantly higher than the median yield of nondomestic wells drilled in the other geohydrologic
groups. The median yield of nondomestic wells drilled in carbonate and THassic sedimentary rocks is not
significantly different from each other. The median yield of wells drilled in gneiss and schist is not
significantly different from each other. The median yield of wells drilled in quartzite was lower than the
median yield of all other geohydrologic groups, but was not significantly different from the median yield
of wells drilled in schist.

Effect of Topography on Specific Capacity and Yield
The specific capacity and yield of a well is affected by its topographic setting. Wells were classified

as drilled in hilltop, hillside, or valley (including draws) topographic settings. Specific-capacity and yield
data were analyzed for wells in geohydrologic groups. In general, the median and mean specific capacity
(table 5) and median and mean yield (table 6) of wells drilled in valleys are higher than the median and
mean specific capacity and yield of wells drilled on hillsides or hilltops.

Analysis-of-variance tests using Tukey's MCT were made on ranked specific-capacity and yield data
for nondomestic and domestic wells drilled in different topographic settings to test for significant
differences in topographic setting at the 95-percent confidence level. For nondomestic wells, Tukey's MCT
showed that no significant difference exists among the median specific capacities of wells drilled in valley,
hillside, or hilltop topographic settings. For domestic wells, Tukey's MCT showed that the median specific
capacity of wells drilled in valleys is significantly higher than the median specific capacity of wells drilled
on hilltops or hillsides; no significant difference exists in the median specific capacity between wells
drilled on hillsides or hilltops. Nondomestic wells are drilled for maximum yield, regardless of
topographic setting; domestic wells are drilled to obtain an adequate domestic yield. For nondomestic and
domestic wells combined, Tukey's MCT showed that the median yield of wells drilled in valleys is
significantly higher than the median yield of wells drilled on hillsides, and the median yield of wells
drilled on hillsides is significantly higher than the median yield of wells drilled on hilltops. Valleys may be
formed by erosion of rock that is more highly fractured than rock underlying hilltops and hillsides.
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Table 4.-Reponed wet yield-Continued
[Yield given in gallons per minute; Min, minimum; Max, maximum; P10, tenth oercentfle; P25, twenty-fifth percentile; Med, median;

P75, seventy-fifth percentile; P90, ninetieth percentile; <, less than; --, too few data to compute statistic]

Geologic unit

FeUic gneiss, granulil* faoes
(Brandywinc lerrmn*)

FeWc gneiss, aoiphiboUle fades
(Honey Brook massif)

Graphitic felsic gneiss.
amphibotite fades

Felsic and inlermedute gneiss.
amphibotite fades

Banded mafic gneiss.
amphibottte fades

Felsie gneiss, granuliw fades
(Honey Brook massif)

Graphitic fdsic gneiss.
granulile fades

Mafic gneiss, granulite fades
(Honey Brook masciO

Felsie and mafic gneiss
Other geologic units

Diabase
Serpentine, pynnuiuie, and

ultramafic rocks
Cabbro and mcUgabbro
Pegmatite

Anorthosite

Number
of welt

30

3

B

10

2

7

1

2

3
0
1
0

1
0

4

Nondomeitawels Oomasecwels

Range UxntMr
O.A nnr ii — I mr Ann

10

4

2

7

20

50

95

12

25
-

10
-

108
-

30

——————— f iw r *& MKIU r'0 rw
Max

300 14 25 40 75 1M

60

650 - - 83 -

114 9 14 36 MO 110

57

200 - - 60

. - - _ _ _

234

80

„

. - _ _ _ _

- _ _ _ _

. - _ _ _ _

„

225

ofweta

169

13

65

89

17

89

12

10

22
7

32
4

0
1

39

Range

Min

<1

2

<1

<1

<1

1

2

2

1
<1
<1
15

-
60
3

Max
250

100

150

314

100

134

400

35

50
100
80
75

-
-

100

PlO

4

2

1

3

2

5

12

3

3

-

4
_

-

-

5

P25

i

3

5

6

8

12

16

5

5
-
5
_

-
-
17

Med

15

11

9

12

18

25

50

18

13
10
12
-

--
-

30

P75

30

19

25

25

25

45

88

30

30
-

23
-

-
-

50

P90

75

28

50

40

80

75

200

35

40
-

45
~

-

-

100



Table S.-Median and mean specific capacity of wells drilled on hilltops, hillsides, and in valleys
[Specific capacity in gallons par minute per foot of drawdown; -, too few data to compute statistic]

Oeohydrelogjc
group Number

HiHtop
Median Mean Number

Hillside
Median Moan Number

Valley
Median Mean

Domestic wells

Nc

tHassic sedimentary
Carbonate
Quartette
Schist
Gneiss
All reck types1

ndomesiic wetts
HiaMic sedimentary
Carbonate
Quartzite
Schist
GnetM
All rock type.1

9
3

14
44
31

106

5
0
1
4
4

14

0.12
-
.23
.10
.25
.19

4.9
-
-
-
-,
1.4

0.41
-
1.1
.42

15
1.1

5.0
-
-
-
—
13

44
38
55

238
215
584

7
16
5

38
29
98

0.29
.29
.18
30
2Q
.25

2.0
115

.20

.65
1.4
.77

0.75
.96
.44
.89

U
1.0

ia
218

31
1.8
IS
5.4

10
45
1

25
40

128

12
38
0

28
24

102

037
.72
-
.41
.60
.60

4.9
53
-
£6

1.6
13

050
4.1
U
.90

1.0
12

5.5
227
-
16
37
77

Table 6.-Median and mean yield of weOs drilled on hilltops, hillsides, and in valleys
[Yield in gallons per minute; -, too few data to compute statistic]

Qeohytiuiuuic
group

Domestic well*
THr™*" irTrtiiriiniiry
Carbonate
Quartzite
Schist
Gnafss
AU rock types1

Nondomasttc wells
THf"H** ifriinuiiilsry
Carbonate
Quartzite
Schist
Gneiss
AH rock types1

Number

23
6

40
120
106
295

9
0
1

19
9

39

Hittop

Median

15
12
n
10
12
10

70

_
25
15
30

Men

18
22
12
13
19
15

Rflou

_
41
25
47

Number

141
79

142
403
420

1,185

13
23
13
70
37

161

Hflfefde
Median

15
15
11
14
15
15

100
200
23
33
60
52

Meen

29
35
16
20
23
23

125
266
39
52
96
99

Number

23
120

0
58
98

311

15
75
1

44
38

172

Vmley
Median

20
29
-
12
30
20

220
110
-

51
59

100

Men

38
52
-

22
46
43

351
252

_
96
95

174
mural ki oraupi ttom.

Depth to Water
Statistics on depth to water (table 7) are presented to enable the reader to estimate available

drawdown and expected water levels in wells. For all geologic units, the median depth to water is between
17 and 42 ft below land surface except for the Lockatong Formation. Median depth to water in the
Lockatong is 56 ft.

Under natural conditions, water levels generally are closest to land surface in valleys near streams
(discharge areas) and deepest below land surface on hilltops (recharge areas). Median depth to water is
greatest for quartettes (table 7), which are resistant, ridge-forming geologic units.
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The greatest median depth to water is in the Lockatong Formation (table 7). The Lockatot
yielding geologic unit, and wells drilled in the Lockatong may penetrate and derive water
yielding geologic units beneath it. Water levels measured in wells drilled in the Lockatong may represent
the composite head in water-bearing zones in the Lockatong and in water-bearing zones in a geologic unit
beneath the Lockatong, which may have lower heads than water-bearing zones in the Lockatong.

Table 7. -Depth to water
[P10, tenth percentile; P25, twenty-fifth percentile; P75, seventy-fifth percentiie;

P90, ninetieth percentile; --, too few data to compute statistic]

Geologic unit

Triaesic sedimentary rock
Brunswick Group
Lockatong Formation
Stockton For Fruition

Carbonate rode
ComMoga Umttton*
Sbrook Limestone
Ledger Dolomite
Vintage Dolomite
Cockcytville Marble

Quartzire
Antietam and Harpers

Formations, undivided
QilddesQuanztte
Setters Quartzlte

Schist
Peters Creak Schist
Octoraro Phyllite
Wbeahickon Schist

Gneiss
Mafic gneiss, amphlbolite fades (late

Precambrian and/or early Paleozoic)
Felatc gneiss, amphibolite fades

(Brandywine Ternne)
Mafic gneiss, granuiite fades

(Brandywine Terrane)
Fdsic gneiss, granuiito fades

(Brandywine Terrane)
Felatc gneiss, amphibolite fades

(Honey Brook massif)
Graphitic fdsic gneiss, amphiboliia fades
Febic and intermediate gneiss.

amphibolite fades
Banded mafic gneiss, amphibolite fades
Fdsic gneiss, granulite fadea

(Honey brook Massif)
Mafic gneiaa, granulite fadea

(Honey Brook Massif)
FeWc and mafic gneiss

Other geologic units
Diabase
Serpentine, pyroxinite, and ultramafic redes
Anorthosite

Number of
wells

224
96
20

106
405
94
97

106
18
84

215
33

132
50

857
138
212
507
713
19

163

20

213

12

58
88

19
60

12

40

7
30
34

P10
an

20
8
7
7

12
10
5
4

10
15

17
4
8
8

10
7
6
2

5

3

5

8

17
8

1
4

7

9

—
6
8

Depth to water, in feet
below land surface

P2S
16
19
26
15
13
11
22
16
12
9

20
24

30
10
15
20
20
14
13
16

12

7

12

14

28
15

8
14

10

16

-
10
10

Median
29
30
56
25
23
19
37
25
34
15
36
41

42
20
28
32
33
24
24
30

23

14

20

23

37
27

21
23

17

28

22
20
18

P75
46
47

114
38
40
36
66
44
58
20
52
52

60
30
40
45
48
36
35
36

35

25

31

30

49
38

30
30

32

35

-
30
33

P90
77
75

150
60
66
48
86
68
74
34
75
82

80
46
54
55
67
48
49
41

50

40

46

49

60
43

47
42

41

45

-
39
45
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Well Depth and Casing Length
Data on well depth and casing length are presented as a guide to help estimate well drilling costs.

Well-depth data for Chester County are given in table 8. Well drilling usually stops when a sufficient yield
is obtained. The median depth of wells is similar for all geohydrologic groups and ranges from 110-132 ft

Casing-length data for Chester County are given in table 9. The median casing length is similar for
wells in all geohydrologic groups and ranges from 40 to 51 ft. Wells in the Vintage Dolomite (103 ft) and
granulite-facies graphitic felsic gneiss (83 ft) have the longest median casing lengths. Since 1983, Chester
County regulations require a minimum of 20 ft of casing in a newly constructed well. Most wells, however,
have casings longer than 20 ft.

Saturated Thickness of the Weathered Zone
In Chester County, water occupies most of the open space in the rock below the water table. This

constitutes the ground-water reservoir. Most ground water is stored in the weathered rock, called
saprolite, near the land surface. The average saturated thickness of the weathered zone (table 10) was
estimated by subtracting depth to water from reported casing length. Casing length is an approximate
indicator of depth to solid rock. However, in the THassic sedimentary rocks, the weathered zone is thin,
and casing length may not be a reliable estimate of thickness; the unconsoiidated zone probably lies above
the water table and is unsaturated. In carbonate rock, the median saturated thickness of the weathered
zone is 30 ft; in all other geohydrologic groups, the median saturated thickness of the weathered zone is 14
to 20 ft

The exact quantity of ground water in storage is not known, but its approximate magnitude can be
determined from estimates of specific yield and the saturated thickness of the weathered zone. Specific
yield is the quantity of water that will drain from saturated rock under gravity and generally is expressed
as a percentage of volume. Olmsted and Hely (1962, p. 18) estimated the specific yield of the weathered
zone to be 75 to 10 percent McGreevy and Sloto (1980, p. 18) estimated that the specific yield of the
weathered zone is 8 percent About 3 x 10" gal of water are stored in the weathered zone in Chester
County (McGreevy and Sloto, 1977, p. 35).

Relation of Geology to Ground-Water Flow
The geologic units of Chester County are combined into three general groups based on similarity in

ground-water-flow systems: (1) Thassic sedimentary rocks (sandstone, shale, and conglomerate);
(2) carbonate rocks (limestone, dolomite, and marble); and (3) Paleozoic and Precambrian crystalline and
metamorphosed sedimentary rocks (mainly quartzite, schist, gneiss, and anorthosite). Geologic units not
falling into these groups include units of small areal extent, such as pegmatite and metadiabase, and units
that are not important water-bearing units, such as diabase. The areal distribution of these general groups
is shown on figure 6. Characteristics of the ground-water-flow system, as well as aquifer hydraulic
properties, are related to geology. Flow systems in the Triassic sedimentary, carbonate, and crystalline
rocks differ from each other.

Triosstc Sedimentary Rocks
Late Triassic sedimentary rocks of the Newark Supergroup crop out in northern Chester County

along the Schuylkill River (fig. 6). They form a series of layered strata that dip about 12°. The Triassic
sedimentary formations are the Stockton, Lockatong, and Hammer Creek Formations and the Brunswick
Group.

Ground water in the Triassic sedimentary rocks moves through the intergranular openings in the
weathered zone and through a network of interconnecting secondary openings—fractures, bedding planes,
and joints-in unweathered rock. In a few units, some water may move through intergranular openings in
the bedrock where the cement has been removed and the permeability has increased.
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Table 8. -Reported watt depth ,'
[Min, minimum; Max, maximum; P10. tenth percentile; P25, tw0nty-fiftn perconlila;

P75, s0v0nty-fiftn p0rc0ntit0; P90, ninaiieth percantile; --, too few data to computo statistic]

Geologic unit

Iriasaic sedimentary rock
Brunswick Group
Hammer Creek Formation
Lockatong Formation
Stockton Formation

Carbonate rock
Conestoga Limestone
Bbrook Limestone
Ledger Dolomite
Kuizers Limestone
Vintage Dolomite
CockeysvUle Marble
Marble

Quartrtte
Anttetam and Harpers Formations, undivided
Chiddes Quartette
Setters Quarts te

Schist
Peters Creek Schist
OdonroPhylUte
WssaJuckon Schist

GMBH
Mafic gnaws, amphiboUte fades (late

Precambrian and/or early Paleozoic)
FeUc gneiss, amphibolite fades

(Brandywine Terrene)
Mafic gneiss, amphibolite fades

(Brandywine Terrane)
FeUc gneiss, granuUte fades

(Brandywine Terrene)
Mafic gneiss, granuUte fades

(Brandywine Terrane)
FeUc gneiss, amphiboUte fades

(Honey Brook massif)
Graphitic Mate gneiss, emphiboiite fades
FeUc and intermediate gneiss.

amphiboUte fades
Banded mafic gneiss, emphibolite fades
FeUc gneiss, granuUte fades

(Hooey Brook Massif)
Graphitic feUc gneiss,

granuUte fades
Mafic gneiss, granuUte fades

(Honey Brook Massif)
FeUc and mafic gneiss

Other geologic units
Diabase
Serpentine, pyroxintte, and

ultramark rocks
Gabbro and metagabbro
Pegmatite
MirttilsttF"it
Metagabbro
Anoithosite
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Number
of wells

270
118
21
19

112
400
102
80

101
5

15
95
2

255
34

168
53

919
150
208
561
823
24

161

4

219

21

16

80
105

23
102

12

11

45

12
36

4
1
1
1

48

Wett depth (feet)
Range

Min
16
30
70
70
16
11
11
43
11
60
30
16

150
21
21
38
26
13
19
15
13
10
25

20

88

44

60

36

30
16

42
12

75

43

10

50
40

57
285
100
90
14

Max
902
804
265
600
902
605
600
600
605
220
300
437
295
490
216
490
408

1,000
575

1,000
1,000

900
195

900

264

600

265

340

655
562

377
432

355

394

359

400
310

167
-

_
212

P10
81
90
95
90
65
55
50
93
60
-

55
50
-

69
68
70
55
65
55
75
68
55
40

50

-

60

70

55

87
56

SO
62

85

47

27

62
53

_
-

—
60

P25
100
98

108
150
99
83
77

133
95
-

95
68
_

95
100
100
85
90
77

102
90
78
63

75

-

79

90

83

119
80

65
80

122

57

42

82
77

-
_

_
78

Median
127
136
125
256
122
125
113
201
140
-

135
86
-

132
125
143
120
124
100
150
124
no
104

103

-

100

155

145

168
115

93
105

188

100

60

93
100

_
-

_
91

P75
200
197
137
400
204
220
220
306
225
-

205
135
-

200
175
210
206
200
157
260
190
187
153

200

-

150

222

212

272
210

136
183

287

200

80

141
128

-
-
_
_

105

P90
314
260
200
600
300
333
300
495
390

—
243
200
-

277
200
278
300
302
256*
350
300
286
187

285

-

225

250

298

349
305

280
280

330

238

135

255
246

—
-

_
163



Table 9.-R&port»d casing length
[Min, minimum; Max, maximum; P10, tenth percentile; P25, twenty-fifth percentile;

P75, seventy-fifth percentile; P90, ninetieth percentile; --, too few data to compute statistic]

Casing length (feet)
Geologic unit

Triaastc sedimentary rock
Brunswick Group
Hammer Oeek Formation
Lockatong Formation
Stockton Formation

Carbonate rock
Conestoga Limestone
EEbrook Limestone
Ledger Dolomite
Kinzers Limestone
Vintage Dolomite
Cockeysville Marble
Marble

Quartzite
Antietam and Harpers Formations, undivided
ChiddesQusrtzite
Setters Quartette

Schist
Peters Oeek Schist
Octonro PhyUte
TAB mm , *- ' — i^.—— g^t-> -*

Gneiss
Mafic gneiss, amphibolite fades flate

Precsmbrian'and/or early Paleozoic)
FeWc gneiss, amphibolite fades

(Brandywine Terrane)
Mafic gneiss, amphibolite fades

(Brandywrae Terrane)
Fdste gneiss, granulite fades

(Brandywine Terrane)
Mafic gneiss, granulite fades

(Brandywine Terrane)
Feboc gneiss, amphibolite fades

(Honey Brook massif)
Graphitic fcWc gneiss, amphibolite fades
Felsic and intermediate gneise.

Banded mafic gneise, amphibolite fades
Febac gneiss, granulite fades

(Honey Brook Massif)
Graphitic fdstc gneiss, granuUte fades
Mafic gneiss, granulite fades

(Honey Brook Massif)
^•+c smi ^"flftc gntiffs

Other geologic units
Diabase
Serpentine, pyroxinite, and

ultramafic rocks
Gabbro and metagabbro
Pegmatite
Anorthosite

numoero

193
89
17
14
73

275
73
53
75
4

12
56
2

198
23

141
34

626
96

144
386
614
15

101

4

155

13

14

72
93

20
90

9
8

20

11
30

4
1

43

to
Min

6
10
31
23
6
4
6
9
5
4

40
10
20
12
20
12
20
6
6
6

10
6

20

17

29

6

27

20

16
12

10
14

21
26

20

22
9

30
37
14

nge
Max
190
172
103
190
130
521
180
230
521
126
240
229
-

394
146
282
394
275
200
275
261
286
75

110

58

140

62

186

286
85

84
160

177

76

65
108

66
-

88

P10

24
24
38
31
24
20
20
18
21
-

42
24
_

21
21
21
26
20
20
19
22
22
21

23

21

28

20

30
20

22

20

23
13

_
-

24

P25

35
38
43
35
31
31
24
22
40
-
60
41
-

34
36
32
40
27
22
21
35
31
34

30

29

38

27

38
29

23
38

27

30
21

_
_

40

Median P75

45
48
50
40
42
51
40
40
61
-

103
57
_

45
48
42
60
42
34
32
51
40
40

39

40

44

37

51
40

40
42

83
40

37

43
40

-
-

52

60
62
57
43
60
80
60
89
98
-

138
79
-

74
94
70

100
61
47
50
70
55
61

53

53

57

45

84
47

53
54

44

51
57

-
-

67

P90

SO
84
84
82
68

126
80

145
141

_
208
91
-

120
120
99

198
86
64
78
90
75
72

63

66

60

96

168
60

61
78

48

57
84

-
-

80
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/ 0. -Estimated saturated thickness of the weathered zone

Geohydrologic group

Triassic sedimentary rock
Carbonate rock
Quartzite
Schist
Gneiss

Number of wells

130
232
162
544
480

Range
(feet)
0-102
0-184
0-379
0-253
0-250

Median
(feet)

20
30
14
18
20

40-13*
7510-

\

TRMSSIC
SEOMENTARV ROCKS

CARBONATE ROCKS

OUAflTTJTE

SCHIST

GNEISS

ANORTH05ITE

OTHEHUWTS
UAAVLAMO

Figure 6.~G«naralized geologic map of Chaster County.

HYDROLOGY
30



THassic sedimentary beds, a few inches to a few feet thick, form a series of alternating aquifers an
semi-confining units; each bed generally has different hydraulic properties. Permeability differs from one
bed to another. Soft shale beds deform without breaking under stress and, as a result, have low
permeability; harder sandstone beds tend to develop joints and are more permeable. Thick competent
beds develop fewer joints than thin beds (Wood, 1980, p. 16) and, therefore, are less permeable.

In the Stockton Formation, the beds are lens-shaped, overlap, and pinch out. In the Brunswick
Group and Lockatong Formation, beds are more continuous, and single beds generally extend downdip
from a few hundred feet to as much as a few thousand feet below land surface. Commonly, beds intersect
the land surface a few hundred feet updip from wells penetrating them (rig. 7).

Most deep wells are open to several major water-bearing zones and are therefore multiaquifer wells.
Each zone usually has a different hydraulic head. The hydraulic head in a deep well is the composite head
of the several water-bearing zones it penetrates. Water may be confined under pressure greater than
atmospheric. If the hydraulic head is greater than the land-surface elevation, the well will flow.

Where differences in hydraulic head exist between water-bearing zones, water in the well bore flows
under nonpumping conditions in the direction of decreasing head. This can cause water levels in some
wells to be different than water levels in adjacent wells of different depths. Flow from an upper zone of
higher head to a lower zone of lower head can result in locally lowered water levels in the aquifer; this can
be seen on the potenu'ometric-surface map of Senior and Garges (1989).

Water-bearing zones generally are more continuous along strike than in the direction of dip (tig. 7);
they tend to dose downdip with depth because of compression. Wells drilled to the same depth several
hundred feet downdip of each other rarely intersect the same water-bearing beds. Therefore, the potential
for well interference is greater in wells along strike than in the direction of dip.

Ground-water flow in the TViassic sedimentary rocks has both local and regional components.
Shallow ground water discharges locally to nearby streams. Deeper, regional ground-water flow is toward
the Schuylkill River, the point of regional ground-water discharge. Ground-water divides may be different
for each zone of ground-water flow and may not coincide with surface-water divides.

BOUNADQN

Figure 7.-Walls tapping layered sedimentary rocks.
(Modified from Biesecker and others, 1968.)
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Carbonate Rocks ,u w
' tytfL *'Chester Valley, which cuts through the center of the county, is underlain by Cambrian and Ordovafian

limestone and dolomite (fig. 6). The principal formations are the Ledger Dolomite, Elbrook Limestone, and
Conestoga Limestone. These same formations are also present west of the Honey Brook massif (fig. 3).
Marble associated with graphitic gneiss is present north of Chester Valley. The Cockeysville Marble crops out
south of Chester Valley.

Ground water in carbonate rocks flows through a network of secondary openings enlarged by solution
(fig. 8). Some fractures enlarged by solution are several feet wide; however, most are only a fraction of an
inch wide, but they are capable of transmitting large quantities of water. Permeability of carbonate rock is
predominately the result of solution-enlarged fractures. Where solution has been active, permeability may be
high; elsewhere, the same unit may be nearly impermeable.

Solution is the primary weathering process in carbonate rock. Solution generally is most active above
and within the zone of water-table fluctuation where water movement is relatively rapid and recharge water
is acidic. Below the zone of water-table fluctuation, water movement is slower, and acidic water from
recharge is neutralized. Cay and unconsolidated material sometimes move downward from the surface,
plugging openings. This plugging results in decreased well yields and turbid ground-water discharge from
some wells.

The depth of weathering in carbonate rocks is highly variable. Deeply weathered zones can be found
adjacent to outcrops. The carbonate rock in Chester County commonly exhibits pinnacle weathering.
Pinnacle weathering is caused by solution along bedding planes and fractures in dipping strata. As solution
enlargement moves downward in the formation, the solid rock between the weathered areas is left as
pinnacles.

Although the ground-water system generally is under water-table conditions in carbonate rock,
ground water is confined locally. Confined conditions were observed in three wells in the Elbrook Limestone
in the center of Chester Valley. The water level in well CH-2313 rose above land surface in the spring of 1978,
1983, and 1984; it was 150 ft above land surface on April 21,1983. Well CH-2148 is a flowing well; the head
was reported to be 56 ft above land surface on February 13,1969 (Leggette, Brashears, and Graham, undated
written commuru). The continuous water level recorded in observation well CH-323 shows the effect of earth
tides, which is the result of confined conditions (Sloto, 1991, p. 18-19).

\/

Figure a.-Wells tapping solution
openings in carbonate rock.

NOTTQSCAU
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I
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Figure 9.--Generalized direction of ground-water flow in the carbonate rocks of the VaHey Creek Basin.
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Ground-water flow in carbonate rock has both local and regional components. Locally^,
water discharges to gaining reaches of streams. Ground-water and surface-water divides often
coincide. Ground water flows beneath surface-water divides, resulting in underflow to or from adjacent
surface-water basins. For example, the Valley Creek basin in eastern Chester County does not have a
ground-water divide to the east; regional ground-water flow from the Valley Creek basin discharges to the
Schuylkill River (fig. 9). Computer model simulations show that wells pumping near a surface-water
divide in one surface-water basin can reduce base flow in an adjacent surface-water basin (Sloto, 1991a).

Crystalline Rocks
The area underlain by crystalline rock is divided by the Chester Valley (fig. 6). The crystalline rocks

north of Chester Valley are the Chickies, Antietam, and Harpers Formations and the amphibolite- and
granulite-gneisses of the Honey Brook and Mine Ridge massifs. The crystalline rocks south of Chester
Valley are the ultramafic rocks of the Baltimore Mafic Complex; the quartzite, schist, and phyllite of the
Glenarm Supergroup; and the amphibolite- and granulite-facies gneiss of the Woodville, Avondale, and
West Chester massifs.

In the crystalline rocks, ground water moves through intergranular openings in the saprolite
(weathered zone) and through a network of interconnecting secondary openings-fractures and joints-in
the underlying unweathered rock (fig. 10). The permeability of fractured crystalline rock depends on the
number of fractures, the size of the fracture openings, and the degree of interconnection of the fractures.

The ground-water-flow system in crystalline rock is local with streams acting as drains. Flow paths
are short, and ground water flows from areas of higher elevation to adjacent streams. Ground-water and
surface-water divides usually coincide. The hydrologic system generally is under water-table conditions;
the water-table surface is a subdued replica of the land surface. Semiconfined ground water may be
present locally. A well will flow when it penetrates a water-bearing zone with a hydraulic head greater
than land-surface elevation.

Ftgur* 10.-Walte tapping fractures
In crystalline rock.
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GEOHYDROLOGY AND SIMULATION OF GROUND-WATER FLOW
IN THE CARBONATE ROCKS OF THE VALLEY CREEK BASIN,

EASTERN CHESTER COUNTY, PENNSYLVANIA

By Ronald A. Sloto

ABSTRACT

Sixty-eight percent of the 22.6-square-mile Valley Creek basin is
underlain by Cambrian and Ordovician limestone and dolomite. Ground water
flows through a network of interconnected secondary openings; primary porosity
is virtually nonexistent. Some of these openings have been enlarged by
solution. Secondary porosity and permeability exhibit great spatial
variability, and the yield and specific capacity of wells are highly variable.
The number of water-bearing zones decreases with depth. Fifty percent of
water-bearing zones are encountered within 100 feet of the land surface, and
81 percent are within 200 feet.

Most ground-water flow in the Valley Creek basin is local and discharges
to nearby streams. Ground-water discharge comprised an average of 76 percent
of the flow of Valley Creek during 1983-87, including both natural ground-
water discharge and quarry pumpage discharged to Valley Creek. Discharge from
the Cedar Hollow quarry comprised 21 to 26 percent of the base flow of Valley
Creek; the average was 23 percent. The average natural base flow of Valley
Creek would be 8 percent lower if the quarry were not operating.

Regional ground-water flow is to the northeast to the Schuylkill River.
On the western side of the Valley Creek basin, the ground-water divide is
1/2 mile west of the surface-water divide. An estimated 0.75 million gallons
per day of ground water flows from the adjacent West Valley Creek basin
eastward into the Valley Creek basin. A ground-water divide is not present on
the eastern side of the basin; the water table slopes gently eastward toward
the Schuylkill River. On the northeastern side, an estimated 1.76 million
gallons per day of ground water flows northeastward out of the basin Co the
Schuylkill River beneath the surface-water divide. On the southeastern side,
an estimated 0.85 million gallons per day of ground water flows beneath the
surface-water divide into the basin.

Annual water budgets and an average water budget were calculated for
1983-87 for the 20.8-square-mile area above the streamflow-gaging station.
Annual precipitation for 1983-87 ranged from 40.61 to 56.55 inches and
averaged 47.25 inches; annual strearaflow ranged from 15.55 to 28.57 inches and
averaged 22.31 inches; annual evapotranspiration ranged from 18.21 to
24.83 inches-and averaged 22.90 inches; and-annual recharge ranged from 15.89
Co 26.84 inches and averaged 21.04 inches.



Purpose and Scope

This report describes ground-water flow in the carbonate rocks of the
Valley Creek basin. A digital model of regional ground-water flow was
developed and used to simulate the average water budget in the basin and to
estimate the effects of increased well and quarry pumping on base flow and
underflow. Although the report primarily discusses ground-water flow in the
carbonate rocks of the Valley Creek basin, it was necessary to consider
noncarbonate rocks north and south of the carbonate rocks as well as the
eastern and western boundaries of the hydrologic system to simulate ground-
water flow. Therefore, the carbonate rocks between the Schuylkill River and
the Brandywine Creek in Chester and Montgomery Counties are included in the
modeled area. Data for noncarbonate rocks in these areas also are given in
this report.

The report also presents a water budget for the Valley Creek basin
upstream from the stream-gaging station at the Pennsylvania Turnpike bridge
near Valley Forge (station 01473169), describes the development and
calibration of a two-dimensional digital model of ground-water flow, and
briefly discusses ground-water quality.

Location and Physiography

The Valley Creek basin is in eastern Chester County in southeastern
Pennsylvania (fig. 1). Valley Creek drains 22.6 mi2 (square miles) and is a
tributary to the Schuylkill River. Streamflow from 20.8 mi2 is measured at
streamflow-gaging station 01473169, Valley Creek at Pennsylvania Turnpike
Bridge near Valley Forge (fig. 2). Little Valley Creek, the major tributary
to Valley Creek, drains 6.92 mi2 and is confluent with Valley Creek above the
gaging station.

The Valley Creek basin is in the Piedmont physiographic province. Sixty
eight percent of the basin is underlain by carbonate rocks; 32 percent of the
basin is underlain by noncarbonate rocks. The center of the basin is
underlain mostly by easily eroded limestone and dolomite, which form Chester
Valley (fig. 2). Chester Valley cuts across the center of Chester County.
The northern part of the Valley Creek basin is underlain by resistant
quartzites that form the North Valley Hills. The southern part of the Valley
Creek basin is underlain by resistant phyllite that forms the South Valley
Hills.

Chester County has a modified humid continental climate characterized by
warm summers and moderately cold winters. The normal annual temperature
(1951-80) recorded at Phoenixville, 3 mi (miles) north of the Valley Creek
basin, is 51.3 °F (degrees Fahrenheit). The normal temperature for January,
the coldest month, is 30.1 °F. The normal temperature for July, the warmest
month, is 74.5 °F. The average annual precipitation at Phoenixville for
81 years of record (1890-95, 1913-87) is 43.85 in. (inches). The minimum
annual precipitation, 31.10 in., occurred in 1963. The maximum annual
precipitation, 59.55 in., occurred in 1979. The 1951-80 normal precipitation
is 43.55 in. ̂ (National Oceanic and Atmospheric Administration, 1982).
Precipitation is mostly evenly distributed throughout the year, but slightly
more falls in July and August than in the other months.
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GEOHYDROLOGY

Stratigraphy

The carbonate rocks of Chester Valley form the center of the Valley Creek
basin. Noncarbonate rocks underlie the North Valley Hills to the north and
the South Valley Hills to the south (pi. 1). The stratigraphic relationships
of these units are given in table 1. Geologic descriptions were taken from
Bascom and Stose (1938) and Lyttle and Epstein (1987). The nomenclature used
in this report is that of Lyttle and Epstein (1987). The nomenclature of Berg
and others (1986) given in table 1 is used by the Pennsylvania Geological
Survey and has been used for previous reports on the ground-water resources of
Chester County.

Carbonate Rocks

A sequence of carbonate rocks of Cambrian and Ordovician age underlies
Chester Valley. The principal formations are the Cambrian Ledger Dolomite and
Elbrook Formation and Cambrian and Ordovician Conestoga Limestone. The
Cambrian Vintage Dolomite and Kinzers Formation, which crop out in a narrow
band, are thin and are not important water-bearing units.

Vintage Dolomite

The Vintage'Dolomite is of small areal extent in eastern Chester Valley.
In the Valley Creek basin, it is present in a fault block north of Hill Lane
and in a very narrow band between two parallel faults in the northeastern part
of the basin. The lower part of the Vintage Dolomite is a fine-grained, thin-
to medium-bedded, argillaceous to sandy dolomite with abundant mica on the
bedding planes. The upper part is a fine- to medium-grained, mottled, blue
limestone, grading downward into medium-grained, knotty dolomite with blebs of
coarse-grained dolomite, grading downward into medium-grained, thick-bedded
dolomite. It is less than 200 ft (feet) thick.

Kinzers Formation

The Kinzers Formation crops out adjacent to the Vintage Dolomite in
eastern Chester Valley. The upper part is a* fine- to medium-grained,
irregularly bedded, argillaceous, nodular limestone containing marble lenses.



The lower part is a thin-bedded, impure limestone. The weathered
has the appearance of a shaley mica schist. The Kinzers Formation is
than 30 ft thick.

Ledger'Dolomite

The Ledger Dolomite has been quarried in many places in Chester Valley.
It is white to gray, massive to thick bedded, finely laminated, and has a high
magnesium content. The dolomite is interbedded with some siliceous beds and
laminated limestone, which is finely speckled in places. The lower part of
the unit is characterized by alternating light and dark, porous, cherty
layers. The lower contact is gradational with the Kinzers Formation. The
Ledger is about 1,000 ft thick.

Table 1.--Scracigraphie section
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Elbrook Formation

The Elbrook Formation forms low hills in Chester Valley and underlies the
ridge south of the Catanach and Cedar Hollow quarries. The Elbrook is a light
blue, thin-bedded, fine-grained limestone interbedded with white, thick-
bedded, fine-grained, laminated dolomitic marble. Concentrations of coarse-
grained mica are left as a pressure-solution residue parallel to regional
cleavage. The lower contact is gradational with the Ledger Dolomite. The
Elbrook is about 800 ft thick.

Cnestoa

The Conestoga Limestone crops out along the southern edge of Chester
Valley. Mica coats most of the bedding and cleavage planes. The lower part
of the formation is a coarsely crystalline, light gray to white, medium- to
thick-bedded dolomite interbedded with thin-bedded, medium- grained limestone
and thin-bedded, fine-grained dolomite. Some of the basal beds are a coarse
limestone conglomerate containing large pebbles and irregular masses of coarse
white marble in a dark, argillaceous matrix. The middle part of the formation
is a thin, dark, graphitic phyllite with thin, sandy schist layers that
thicken eastward. It generally forms a line of discontinuous hills. The
upper part is a bluish gray, thin-bedded, fine- to medium-grained, highly
micaceous limestone with argillaceous, shaley partings that give it a finely
laminated appearance. It unconformably overlies the Elbrook Formation. The
Conestoga Limestone is 500 to 800 ft thick.

Noncarbonate Rocks

The area underlain by crystalline rock is divided by Chester Valley.
North of Chester Valley, the North Valley Hills are underlain by the Cambrian
Chickies Quartz ite and the Antietam Quartzite and Harpers Phyllite, undivided,
and Middle Proterozoic leucocratic and intermediate felsic gneiss. South of
Chester Valley, the South Valley Hills are underlain by the Cambrian to Late
Proterozoic Octoraro Phyllite.

Leucocratiff and intermediate felsic gneiss

The Middle Proterozoic leucocratic and intermediate felsic gneiss is of
small areal extent in the Valley Creek basin. It is a fine- to medium-
grained, white to gray, microcline-raicroperthite-quartz gneiss intimately
associated with biotite-oligoclase-microperthite-quartz gneiss and is
interlayered with amphibolite.

Octoraro Phvllite

The South Valley Hills are underlain by the Octoraro Phyllite (which was
called the albite-chlorite facies of the Wissahickon Formation by Bascom and
Stose, 1938). The Octoraro Phyllite is a greenish- to silvery-gray, fine- to
medium- grained phyllite and phyllonite. Grain size decreases to the north.
Along the northern edge of its outcrop area, the Octoraro Phyllite is bounded
by a major thrust fault and is thrust over and onto the Conestoga Limestone.



Chickies Ouartzite .

The Chickies Quartzite is a medium-grained, cross-bedded, massive to
medium-bedded, finely-laminated quartzite and sericitic quartz schist. The
basal Hellam Member, which is not mapped as a separate unit, is a coarse-
grained, tourmaline-bearing quartzite and arkosic pebble conglomerate with
interbeds of black slate and biotite schist. The Chickies Quartzite is about
500 ft thick.

Antietam Quartzite and Harpers Phvllite

The Antietam Quartzite and Harpers Phyllite are undivided north of
Chester Valley. The Antietam Quartzite is a fine-grained, laminated quartzite
that grades downward into the Harpers Phyllite. The upper beds are coarse
grained and calcareous. The Antietam Quartzite is estimated to be less than
200 ft thick north of Chester Valley. The Harpers Phyllite is fine- to
medium-grained, sandy, and argillaceous. It is less than 500 ft thick.

Stocktonj'orjmation

The Triassic Stockton Formation is part of the sedimentary Newark basin.
The Stockton is a thick sequence of interbedded sandstone, arkosic sandstone,
arkose, arkosic conglomerate, siltstone, and shale. The beds dip about 10 to
20 degrees to the northeast. The Stockton unconformably overlies older
Paleozoic and Precambrian rocks. In the modeled area, the Stockton Formation
is as much as 3,000 ft thick.

Hydrology

Ground water flows through a network of fractures slightly enlarged by
solution. The ground-water system in Chester Valley more nearly resembles
that of fractured rock than that of a classical karst terrane. A karst
terrane generally is characterized by sinkholes, dry valleys, and underground
drainage; regional ground-water flow is through an arterial network leading to
a large main conduit that discharges through large springs. Most flow in the
Valley Creek basin is local with discharge to nearby streams. Regional flow
in eastern Chester Valley is to the Schuylkill River.

Dissolution is the primary weathering process of carbonate rock.
Dissolution generally is most active above and within the zone of water-table
fluctuation where water movement is relatively rapid and recharge water is
acidic. Below the zone of water-table fluctuation, water movement is
comparatively slower, and acidic recharge water becomes neutralized. Near the
land surface, dissolution of carbonate rock results in the filling of voids by
clay, the collapse of solution openings, and the progressive lowering of the
land surface. Clay and unconsolidated material sometimes moves downward
through solution openings, plugging water-bearing openings. This plugging can
decrease well yields and increase turbidity of ground-water discharged from
wells.



The depth of weathering.is highly variable. Deeply weathered zones câ n
be found adjacent to outcrops. Carbonate rock commonly exhibits pinnacle 4?,>;'*"•
weathering (fig. 3). Pinnacle weathering is caused by solution along bedding
planes and fractures parallel to bedding planes in steeply-dipping strata. As
solution enlarges openings along the bedding planes and fractures, and
enlargement moves downward in the formation, the solid rock between the
weathered areas is left as pinnacles.

Figure 3.--Pinnacles of
the Elbrook Formation
exposed in the
Cedar Hollow quarry.
View looking east.

Water-Bearing Zones

Primary porosity in the carbonate rocks of Chester Valley is virtually
nonexistent. Ground water flows through a network of interconnected secondary
openings--fractures, joints, faults, parting planes, and bedding planes. Some
of these openings have been enlarged by solution. The number and size of the
openings determines the secondary porosity of the rock; the degree of
interconnection of the openings determines the secondary permeability. The
high permeability of carbonate rock is predominantly the result of enlargement
of secondary openings by solution. Where solution has been active,
permeability may be high; elsewhere, the same unit may be nearly impermeable.

Most openings enlarged by solution are only a fraction of an inch wide,
but they are capable of transmitting large quantities of water. A close
inspection of five active quarries in Chester Valley during chis study
revealed very few large solution openings. Most of the solution openings were
horizontal enlargements of vertical fractures and were less than 1 ft (foot)
wide (fig. 4). Most of the ground water entering the quarries flowed from
very narrow fractures. Ground water was observed discharging from only one
large solution opening about 15 ft above the third level of the Cedar Hollow
quarry (fig. 5); the opening was less than 1 ft across.
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Figure 4.-Solution openings along a
vertical fracture in the
Cedar Hollow quarry.
Scale in center of
photograph is one foot long.

Figure 5.—Ground water discharging
from a solution opening in
the Cedar Hollow quarry.
Scale on left side of
photograph is two foot long.



Well CH-89, drilled south of the Cedar Hoi-low quarry in the Elbrook x
Formation, penetrated a 58-ft void from 207 to 265 ft below land surface. /
From 265 to 295 ft, the opening was filled with mud and rubble. Drilling wa
halted at 295 ft without penetrating solid rock. The void was probably an
enlarged fracture similar to the one in figure 5. The well was drilled near a
sinkhole area. The mud and rubble at the bottom of the opening is probably
weathered surficial material that moved downward through sinkholes.

The number of water-bearing zones decreases wich depth (fig. 6). The
distribution of 235 water-bearing zones in 119 wells in the Vintage Dolomite,
Kinzers Formation, Ledger Dolomite, Elbrook Formation, and Conestoga Limestone
in Chester County was analyzed. These 119 wells represent 16,403 ft of
uncased borehole; well depths are as great as 605 ft. Fifty percent of the
water-bearing zones are encountered within 100 ft of the land surface, and
81 percent are encountered within 200 ft of land surface (fig. 6). Table 2
shows that more than two water-bearing zones per 100 ft of uncased borehole
were encountered in the upper 100 ft of the geologic units, more than one
water-bearing zone per 100 ft was encountered in the upper 200 ft, and less
than one water-bearing zone per 100 ft was encountered below 200 ft. The large
number of water-bearing zones per 100 ft at depths greater than 450 ft is
because of small sample size.

CLASS INTERVALS PLOTTED AT
MIDPOINT OF CLASS. ADJUSTED
FOR NUHBER OF UATER-BEARING
ZONES PER 50 FEET OF BOREHOLE

600
5 10 20 30 40 50 60 70 80 90 95 98

PERCENTAGE OF WATER-BEARING ZONES PENETRATED ABOVE DEPTH SHOWN

Figure 6.--Distribution of water-bearing zones with depth in carbonate rock.



Conestoga Limestone.--The Conestoga Limestone is generally a low-yiel
carbonate rock. Well yields range from less than 1 to 1,000 gal/rain; ^
however, only one yield exceeds 225 gal/min. The median yield of nondo
wells is 65 gal/rain. Specific capacities of four nondomestic wells in
County.range from 0.01 to 167 (gal/min)/ft (gallons per minute per foot) of
drawdown.

Transmlssivities based on analysis of four aquifer tests conducted for 24
to 72 hours on wells in the modeled area in Chester and Montgomery Counties
ranged from 1,250 to 1,680 ft2/d (feet squared per day); the median was
1,540 ft2/d. The specific capacities of the four wells ranged from 15 to
27 (gal/min)/ft.

Elbrook Formation.--The Elbrook Formation is the least productive
carbonate rock in Chester Valley. Yields range from less than 1 to
1,200 gal/min; however, only two yields exceed 500 gal/min. The median yield
of nondomestic wells is 75 gal/rain. The specific capacities of 10 nondomestic
wells in Chester County range from 0.02 to 24 (gal/min)/ft; the median
specific capacity is 0.83 (gal/min)/ft.

Transmlssivities based on analysis of five aquifer tests conducted for
6.5 to 96 hours on wells in the modeled area in Chester County ranged from 13
to 2,740 ft2/d; only one transmissivity exceeded 350 ft2/d. The median was
211 ft2/d. The specific capacities of the five wells ranged from 0.16 to
15 (gal/min)/ft.

Ledger Dolomite.--The Ledger Dolomite is the most productive aquifer in
Chester County. Yields range from less than 1 to 1,120 gal/min. The median
yield of nondomestic wells is 100 gal/min. Specific capacities of 14
nondomestic wells in Chester County range from 0.5 to 155 (gal/min)/ft; the
median specific capacity is 20 (gal/min)/ft.

Transmissivities based on analysis of six aquifer tests conducted for 63
to 315 hours on wells in the modeled area in Chester and Montgomery Counties
ranged from 600 to 15,430 ft2/d; the median transraissivity was 1,680 ft2/d.
The specific capacities of the six wells ranged from 8 to 74 (gal/min)/ft.

Kinzers Formation and Vintage Dolomite.--Few data are available for wells
in the Kinzers Formation and Vintage Dolomite in Chester County. These
geologic units crop out together in a narrow band and are thin and of small
areal extent. Because they are so thin, wells drilled into the Ktnzers and
Vintage probably derive water from underlying units, making the Kinzers and
Vintage difficult to evaluate. Data on well yield and specific capacity for
the few wells identified with these geologic units are summarized in tables 3
and 4.

Yields of four wells in the Kinzers Formation range from 10 to
100 gal/rain. The specific capacity of three wells range from 0.08 to
1.4 (gal/min)/ft.

Yields of 13 wells in the Vintage Dolomite range from less than 1 to
665 gal/min;- however, only one yield exceeds 100 gal/min. The median yield is
50 gal/min. Specific capacities of four nondomestic wells range from 0.71 to
29 (gal/mih)/ft.



Noncarbonate rocks

Well yields in the Stockton Formation range from 4 to 800 gal/min.
median yield of nondomestic wells is 70 gal/rain. Specific capacities of four
nondomestic wells range from 2.5 to 14 (gal/min)/ft.

Well yields in the Antietam Quartzite and Harpers Phyllite (undivided)
range from 1 to 75 gal/min; the median yield is 12 gal/rain. Specific
capacities of three wells range from 0.04 to 0.19 (gal/rain)/ft.

Well yields in the Chickies Quartzite range from less than 1 to
100 gal/min. The median yield of nondomestic wells is 25 gal/min. Specific
capacities of seven nondomestic wells range from less than 0.01 to
3 (gal/rain)/ft; the median specific yield is 0.55 (gal/min)/ft.

Well yields in the leucocratic and intermediate felsic gneiss range from
less than 1 to 165 gal/min. The median yield of nondoraestic wells is
55 gal/min. Specific capacities of 14 nondomestic wells in Chester County
range from 0.04 to 25 (gal/min)/ft; the median specific yield is
0.4 (gal/rain)/ft.

Well yields in the Octoraro Phyllite range from less than 1 to
300 gal/min. The median yield of nondomestic wells is 40 gal/min. Specific
capacities of 14 nondomestic wells range from 0.12 to 3.8 (gal/min)/ft; the
median specific capacity is 1.3 (gal/min)/ft.

Water-Level Fluctuations

The carbonate rocks of Chester Valley form a complex, heterogeneous
water-table aquifer. The water table fluctuates in response to recharge from
precipitation, discharge from pumped wells and quarries, evapotranspiration,
and discharge to streams. The water table generally rises during the fall and
winter when evapotranspiration is at a minimum and recharge is at a maximum;
it declines during the spring and summer when evapotranspiration is at a
maximum and recharge is at a minimum. Wells in different parts of Chester
Valley have similar hydrographs (fig. 9).

Shallow and deep wells have similar water levels and similar responses to.
precipitation. Two wells in the Conestoga Limestone 200 ft apart--one shallow
and one deep—were equipped with continuous water-level recorders. Well CH-80
is 57 ft deep, and well CH-2448 is 300 ft deep. The water-level altitude was
about the same in both wells (fig. 10). The water levels in both wells had a
similar response to precipitation and similar fluctuations (fig. 11).

Although the ground-water system is generally under water-table
conditions, confined ground water is present locally. In carbonate rocks,
ground water can be confined by the relatively impermeable sides of a fracture
or solution channel. Confined conditions were observed in three wells in the
Elbrook Formation in the center of the Valley Creek basin. The water level in
well CH-2313 rose above land surface in the spring of 1978, 1983, and 1984; it
was 1.50 ft above land surface on April 21, 1983. Well CH-2148 is a flowing
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Figure 13.--Generalized direction of ground-water flow in the carbonate rocks of the Valley Creek basin.



1.78 in/yr. On the southeastern side of the Valley Creek basin, some grou
water flows beneath the surface-water divide into the basin. Based on D*F' y
law and the water-table map of Sloto (1987, pi. 2), estimated ground-watffr^
inflow to the basin from the southeast is 0.85 Mgal/d or 0.86 in/yr. ,̂,'l

During low streamflow when the water table is low, Valley Creek loses
water between the streamflow-gaging station and the contact between the
carbonate and crystalline rocks where Valley Creek leaves Chester Valley. The
measured loss in this reach was 3.23 Mgal/d on October 10, 1984, and
0.94 Mgal/d on July 1, 19.85. The streamflow measured at the bridge on Wilson
Road (station number 01473170 on pi. 1) was 20.1,and 17.7 ft3/s (cubic feet
per second), respectively. An increase in streamflow between these points was
measured on April 28, August 13,-and November 11, 1975, when the streamflow at
the bridge on Wilson Road was 50, 38.1, and 34.5 ft3/s, respectively.

Water Budget

A water budget is an estimate of water entering and leaving a basin plus
or minus changes in storage for a given time period. Water enters as
precipitation and leaves as ground-water flow, streamflow, evapotranspiration,
and diversions, such as ground-water pumpage. Water also is taken into or
released from ground-water and soil-moisture storage.

Annual water budgets for 1983-87 and an average water budget for those
years were calculated for the 20.8-mi2 part of the basin above the strearaflow-
gaging station. The streamflow gage measures the quantity of water leaving
the basin above the gage as strearaflow. Water-level records from observation
well CH-323 were used to estimate the annual change in ground-water storage.
Ground-water withdrawals from the basin are calculated from pumpage data
supplied by the Philadelphia.Suburban Water Company; estimated commercial,
industrial, and domestic pumpage (Sloto, 1987, p. 22); and water pumped by the
Catanach quarry not returned to the ground-water system. These ground-water
withdrawals are consumptive use or are removed from the Valley Creek basin as
exported ground water. Records of pumpage from the Cedar Hollow quarry were
supplied by the Warner Company. Precipitation was measured at a rain gage
maintained in the basin by the U.S. Geological Survey.

The annual change in ground-water storage was estimated using water-level
data from observation well CH-323. Specific yield was calculated from the
change in water level in well CH-323 for six periods between August 24, 1984,
and June 10, 1986. The selection criteria for these periods were:

(1) Streams were at base flow. No rain fell immediately prior to the
start of the period.

(2) No recharge was observed in the hydrograph of well CH-323. Little or
no rain fell during the period; any precipitation that fell went to
satisfy the soil-moisture deficit.

(3) The period was longer than 10 days.

(4) Streamflow, water-level, rainfall," and quarry-pumpage data were
available preceding and during the period.
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Simplified Conceptual Model

Continuum methods of ground-water-flow analysis, including modeling,
assume laminar flow through a medium with primary porosity and permeability
(porous-media). The geologic units in Chester Valley have low primary
porosity or permeability; ground water flows mainly through secondary
openings. However, to permit analysis by continuum methods, the geologic
units in Chester Valley are assumed to approximate porous media because of the
regional scale of analysis. Secondary-opening density is sufficiently great
at a regional scale to permit the use of a porous-media model. A block of
aquifer material is assumed to have the equivalent properties of the same-size
block of porous media. Water-table maps of Chester Valley (Sloto, 1987,
pi. 2; Wood, 1984; Wood, 1985) indicate that ground-water flow is continuous
on a regional scale.

In order to analyze ground-water flow with a digital model, a simplified
conceptual model of the complex physical system was developed. The conceptual
model includes the following assumptions:

(1) The geologic units in Chester Valley act together as a single
heterogeneous water-table aquifer.

(2) Hydraulic properties of each geologic unit differ spatially, but are
averaged for model simulation. The average is considered
representative of the geologic unit. An average hydraulic
conductivity is specified for each geologic unit.

(3) The ground-water system is recharged by precipitation. Recharge to
noncarbonate rocks is half of recharge to carbonate rocks because
the noncarbonate rocks have much steeper slopes, are much less
permeable, and accept recharge at a lower rate than carbonate
rocks. Recharge is distributed evenly over each rock type.

(4) Streams are in direct hydraulic contact with the aquifer.

(5) The lower limit of ground-water flow is 600 ft below land surface
based on analysis of water-bearing zones. Ground-water flow below
600 ft is considered negligible.

(6) Secondary permeability is a function of topography and generally
increases down gradient from hilltop to valley bottom (Gerhart and
Lazorchick, 1984, p. 11-13). Hydraulic conductivity is a function
of secondary permeability; therefore, hydraulic conductivity in the
same unit is greater in valley-bottom areas than in hilltop areas.
The effect of topography is approximated by adjusting hydraulic
conductivity for the topographic position of each cell.

Discretization

Because ground-water and surface-water divides do not coincide in Chester
Valley, the Valley Creek basin cannot be modeled separately. The area between
the Brandywine* Creek and the Schuylkill River* was modeled to include the
natural hydrologic boundaries of the ground-water-flow system (pi. 2). The
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'VTable 10.--Aquifer hydraulic conductivity used for steady-state simulation"j
[Initial estimates of hydraulic conductivity based on ?>
transmissivity calculated from specific-capacity data by the
method of Theis (1963, p. 332). Final estimates of hydraulic
conductivity are values used in the model after adjusting the
initial estimates.]

Hydraulic conductivity (feet per
Geologic unit Initial Final

Stockton Formation 1.9 8.0
Conestoga Limestone 32 10
Elbrook Formation 6.7 7.0
Ledger Dolomite 44 45
Kinzers Formation and
Vintage Dolomite 53 6.0

Antietam Quartzite, Harpers Phyllite,
Chickies Quartzite, and
leucocratic gneiss 2.6 3.0

Octoraro Phyllite 5.2 5.0

Calculation of hydraulic conductivity using specific capacity data from
aquifer tests gave values similar to those in table 10. The hydraulic
conductivity of the Ledger Dolomite calculated from specific-capacity data was
58 ft/d, the hydraulic conductivity of the Elbrook Formation was 6.2 ft/d, and
hydraulic conductivity of the Conestoga Limestone was 20 ft/d.

Hydraulic conductivity of consolidated-rock aquifers is affected by
topography (Poth, 1968, p. 21-23). Generally, hydraulic conductivity is less
on hilltops and greater in valley-bottom areas. On hilltops, fractures are
widely spaced, and the unit is more resistant to weathering. In valley-bottom
areas, fractures are closely spaced, and the unit is less resistant to
weathering.

Cells were classified as hilltop, hillside, or valley bottom from their
topographic position on 7.5-minute topographic maps. The hydraulic
conductivity for each cell was multiplied by a topography-adjustment
coefficient (table 11) using the method of Cerhart and Lazorchick (1984,
p. 27) to adjust hydraulic conductivity for topographic position. The
distribution of final hydraulic conductivity is shown on plate 3.

The water-table aquifer system is anisotropic. The preferential
direction of ground-water flow in Chester Valley is parallel to bedding along
strike. The strike of the geologic units in Chester Valley is northeast. The
model grid is oriented parallel to strike. A column-to-row anisotropy
multiplication factor of 0.2, based on simulated regional ground-water flow
directions, was used, resulting in hydraulic conductivity along strike being
five times greater than hydraulic conductivity across strike.



Table 13.--Simulated average water budget for the Valley Creek basin

[in., inches]

Water budget
Water -budget
component

Recharge
Base flow
Evapotranspiration
Ground-water withdrawals
Cedar Hollow quarry pumpage
Underflow into basin:

from east
from west

Underflow out of basin:
to east

Simulated
(in.)

21.05
13.06
1.59

11.92
3.96

.71

.26

2.04

Calculated
(in.)

21.04
13.04
2.00
2.13
3.96

2.86
3.76

21.78
1Does not include small commercial, industrial, and domestic pumpage.
Estimated fay Darcy's Law from October 1983 water-table map (Sloto, 1987,
Pi- 2).

3Estiraated by Darcy's Law from October 1983 (Sloto, 1987, pi. 2) and May-June
1984 (Wood, 1984) water-table maps.

Sensitivity Analysis

A sensitivity analysis of model variables involves varying the value of a
single model variable while holding the others constant. The effect of
varying the value of a particular model variable on the simulated water budget
was determined by varying the value of the variable being tested over a
reasonable range, while the values of the rest of the variables remained
fixed. Then, any changes in the simulated water budget are caused only by the
change in the value of the variable being tested. If the change in the value
of a variable causes a large change in the simulated water budget, the model
is said to be sensitive to that variable. Conversely, if changes in the
simulated water budget are slight, the model is insensitive to that variable.

Many sensitivity analyses were made during model calibration. The
variables tested for sensitivity are aquifer hydraulic conductivity, streambed
hydraulic conductance, recharge rate, ground-water evapotranspiration rate,
aquifer thickness, and aquifer anisotropy. The results of a final sensitivity
analysis, made when model calibration was completed, is presented below.
Model variables were varied over a range from half to double the calibrated
value. The effects of changing the value of a model variable on base flow and
RMSE are shown on figures 20 and 21, respectively. The effects of changing
aquifer anisotropy on base flow and RMSE are shown on figures 22 and 23,
respectively. In figures 20 and 21, slope is directly proportional to
sensitivity. A low slope indicates low sensitivity (or insensitivity) ; a high
slope indicates high sensitivity.



SUMMARY

Valley Creek, a tributary to the Schuylkill River, drains 22.6 mi2 lit
eastern Chester County. Strearaflow from 20.8 mi2 is measured at a streamflow-
gagi-ng station on Valley Creek at the Pennsylvania Turnpike Bridge near Valley
Forge. The Valley Creek basin is mostly underlain by easily eroded Cambrian
and Ordovician limestone and dolomite, which form Chester Valley. Resistant
quartzites form the North Valley Hills to the north, and resistant phyllite
forms the South Valley Hills to the south.

Ground water flows through a network of interconnected secondary
openings — fractures, joints, faults, parting planes, and bedding planes;
primary porosity is virtually nonexistent. Some of these openings are
enlarged by solution. Most openings enlarged by solution are only a fraction
of an inch wide, but they are capable of transmitting large quantities of
water.

Secondary porosity and permeability have large spatial variation in
carbonate rock; therefore, the yield and specific capacity of wells are highly
variable. Well yield depends on the number and size of openings below the
water table. The frequency of water-bearing zones decreases with depth;
fifty percent of water-bearing zones are within 100 ft of the land surface,
and 81 percent are within 200 ft of the surface.

The carbonate rocks form a complex, heterogeneous water-table aquifer.
The water table fluctuates in response to recharge from precipitation,
discharge from pumped wells and quarries, evapotranspiration, and discharge to
streams. Although most of the ground-water system is under water-table
conditions, the water is confined locally.

Most ground-water flow in the Valley Creek basin is local with discharge
to nearby streams. Regional ground-water flow is to the northeast to the
Schuylkill River. In most areas, the ground-water discharge to streams
comprises the base-flow component of streamflow. Ground-water discharge
comprised 73 to 84 percent of the flow of Valley Creek measured at the gaging
station during 1983-87. The average ground-water discharge was 76 percent of
streamflow. Ground-water discharge includes both natural discharge and quarry
pumpage for dewatering. For 1983-87, the base flow of Valley Creek ranged
from 11.56 to 21.87 in.; the average was 17.00 in.

For 1983-87, discharge from the Cedar Hollow quarry comprised 21 to
26 percent of the base flow of Valley Creek; the average was 23 percent. The
discharge from the Cedar Hollow quarry sustains a greater-than-natural base
flow in Valley Creek. The average natural base flow of Valley Creek would be
8 percent lower if the quarry were not operating.

On the western side of the Valley Creek basin, the ground-water divide is
about 1/2 mi west of the surface-water divide. An estimated 0.75 Mgal/d of
ground water flows from the adjacent West Valley Creek basin eastward into the
Valley Creek basin. A ground-water divide does not exist on the eastern side
of the Valley Creek basin; the water table slopes gently eastward toward the
Schuylkill River. On the northeastern side of the basin, an estimated
1.76 Mgal/d of ground water flows northeasterly out of the basin beneath the



surface-water divide to the Schuylkill River. On the southeastern side of the
basin, an estimated 0.85 Mgal/d of ground water flows beneath the surface-
water divide into the basin.

Annual water budgets for 1983-87 and an average water budget for those
years were calculated for the 20.8-rai2 part of the basin above the strearaflow
gaging station. The average water budget approximates long-term or steady-
state conditions. Annual precipitation ranged from 40.61 to 56.55 in. and
averaged 47.25 in., annual streamflow ranged from 15.55 to 28.57 in. and
averaged 22.31 in., and annual evapotranspiration ranged from 18.21 to
24.83 in. and averaged 22.90 in. Annual recharge ranged from 15.89 to
26.84 in. and. averaged 21.04 in. For 1983-87, average base flow was
81 percent of average recharge.

Ground-water flow in the Valley Creek basin was simulated using a digital
computer model. The basin was modeled as a two-dimensional water-table
aquifer. Recharge to, ground-water flow through, and discharge from the rocks
of Chester Valley was simulated. Input to the modeled hydrologic system is
areally varied recharge and pumpage from quarry dewatering discharged to a
sinkhole. Output of the modeled hydrologic system is withdrawal from wells
and quarries, ground-water discharge to streams, and ground-water
evapotranspiration.

In order to analyze ground-water flow with a digital model, the following
assumptions were made: (1) the geologic units in Chester Valley act as a
single heterogeneous water-table aquifer; (2) hydraulic properties differ
spatially, but are averaged for model simulation; (3) recharge to noncarbonate
rocks is half of recharge to carbonate rocks; (4) streams are in direct
hydraulic contact with the aquifer; (5) the lower limit of ground-water flow
is 600 ft'below land surface; and (6) hydraulic conductivity increases down
gradient from hilltop to valley bottom.

The 66.4-mi2 area between the Brandywine Creek and the Schuylkill River
was modeled to include the natural hydrologic boundaries of the ground-water-
flow system. On the northwestern and southern sides of the modeled area, the
surface-water divide in the noncarbonate rocks, which coincides with the
ground-water divide, is a no-flow boundary. The western boundary is the
Brandywine Creek, which is a regional ground-water sink. On the northeastern
and eastern sides of the modeled area, the Schuylkill River is a specified-
head boundary. The lower model boundary is a no-flow boundary 600 ft below
land surface. The upper model boundary is the water-table surface and
streams. The modeled area was discretized into a variably-sized grid of
16 rows and 52 columns.

The ground-water-flow model of the Valley Creek basin was calibrated
under steady-state conditions using average recharge rates of 5.67 x 10'3 ft/d
(24.84 in/yr) for carbonate rocks and 2.83 x 10-3 ft/d (12.40 in/yr) for
noncarbonate rocks; this produced a recharge rate of 4.91 x 10~3 ft/d
(21.05 in/yr) for the Valley Creek basin. The average evapotranspiration
rate, 5.23 x 10~3 ft/d (22.90 in/yr), produced a simulated ground-water
evapotranspiration rate of 1.59 in/yr. Pumping rates used in model
simulations are 1983-87 average rates.
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GROUND-WATER RESOURCES OF CHESTER

COUNTY, PENNSYLVANIA

By Laurence J. McGreevy and Ronald A. Sloto

I ABSTRACT

Chester County is an area of about 760 square miles (1,970 square
^ kilometers) in the Piedmont of southeastern Pennsylvania. Rocks of the
* county include: (1) Precambrian metamorphie and igneous rocks; (2)
1 upper Precambrian to lover Paleozoic metamorphic rocks, predominantly

metamorphosed sedimentary rocks; (3) upper Precambrian and lower Paleozoic
sedimentary rocks that are moderately metamorphosed; and (4) UpperI Triasslc sedimentary and igneous rocks. Overlying the bedrock is a
generally thick zone of unconsolidated weathered rock.

I Most wells derive water from fractured rock. Intergranular permea-
bility is present only in the weathered zone and in some of the sedi-

~~ mentary rock. Solution of carbonate rock and weathering increase the
permeability.

Reported yields range from 0 to 1,800 gallons per minute (114 liters
per second). Yields from carbonate rock, particularly the Cockeysville
Marble and Ledger Formation, are generally higher than yields from other
units. The difference in yield between nearby wells in the same unit,
however, may be greater than the difference in yield between wells in
different units. Exceptionally high yields of 100 gallons per minute
(6 liters per second) .or more were reported in almost all parts of the
county and from almost all units, as were exceptionally low yields of 5
gallons per minute (0.3 liters per second) or less.

The estimated number of wells that would be needed in an area to
yield 1 million gallons per day (0.04 cubic meters per second) continuously
are indicated on a map. The estimates are based on evaluation of data
on reported yields of more than 1,900 wells, on specific capacity for
almost 900 wells, and on estimates of long-term specif ic capacity from 97
pumping tests. Yields that might be obtained by intensive exploration
of an aquifer were estimated. These yields were then reduced by half to
approximate the long-term average yield.
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Aerial Imagery of various kinds was evaluated as a potential aid
in the study. The imagery included: side-scanning radar, infrared
scanning, Skylab photography, Landsat imagery, and aerial photographs
from various altitudes. These provided Images at scales of 1:1,000,000;
1:250,000; 1:100,000; 1:60,000; and 1:24,000. The Landsat and Skylab
images give an overview of the geology and structure of the area that is
not available from other sources.

Straight or gently curved linear features are visible on all
scales of aerial imagery that were examined, and most have geologic and
hydrologlc significance. Many linear features indicate fracture zones
where fractured rock might be tapped by wells. Linear features were
mapped from Landsat imagery and from 1:60,000 aerial photos. The mapped
features are generally topographic lows, and most indicate zones of
weakness in the rock.

Most ground water moves from where it enters the ground in upland
areas and hillsides to the nearby valleys, where it is discharged to
streams. Ground-water levels fluctuate in response to precipitation and
evapotranspiratlon. Water levels generally decline during the growing
season and recover during the rest of the year.

A water-budget analysis for the county Indicates that an average
of about 1,650 million gallons of water per day or 72 cubic meters per
second enter and leave the area. The basin yield from the county during
a near-average water year (1968) was 620 million gallons per day (27
cubic meters per second). Base flow, ground-water outflow, accounts for
about 420 million gallons per day (18 cubic meters per second) and
direct (storm) runoff about 200 million gallons per day (9 cubic meters
per second).

The dissolved-solids concentration of most ground water in the
county is less than 500 milligrams per liter. Chemical-quality problems
are predominantly caused by acidity, iron and manganese, or nitrate.
Hardness is sometimes a problem.

About 7 billion gallons (26 cubic hectometers) of water was
withdrawn from the ground in Chester County in 1974. Almost 60 percent
of this water was for self-supplied domestic users. Public supplies
accounted for another 30 percent. In all, almost two-thirds of the
residents of the county depend upon ground water for household use.
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GEOLOGIC SETTING

The bedrock formations of Chester County are Precambrian, lower
Paleozoic, and Triassic in age and are mapped and described on plate 2.
They may be divided into four general groups: (1) Precambrian metamorphic
and igneous rocks, which are mostly gneiss and igneous rock of similar
composition; (2) upper Precambrian to lower Paleozoic metamorphic
rocks, which are predominantly metamorphosed sedimentary rocks, mostly
schist; (3) upper Precambrian and lower Paleozoic sedimentary rocks,
some of which may correlate with group (2) above. These are mostly
moderately metamorphosed limestone, dolomite, and quartzite; and (4)
Upper Triassic sedimentary and igneous rocks, which are mostly shale,
sandstone, conglomerate, argillite (indurated siltstone or mudstone),
and diabase.

The bedrock is generally deeply weathered, and a zone of uncon-
solldated weathered rock covers most of the area. Minor alluvial and
slope-wash deposits are present locally, but in this report they are not
distinguished from the unconsolidated weathered rock.g

•I The geologic structure consists of a series of extremely compli-
cated anticlines and synclines that trend northeast, approximately

• p a r a l l e l to Chester Valley. Major faults also trend northeast and maybe
normal, reverse, or thrust. Minor normal faults generally trend north or

- - - northeast. Triassic sedimentary rocks unconformably overlie older rocks
^ in the northern part of the county. They generally strike east to
• southeast and dip north to northeast 10° to 20°.

Except for slight modification, the terminology used for the
geologic units in this report are those of the Pennsylvania Topographic
and Geologic Survey (Gray and others, 1960) and the Chester County
Planning Commission (1973). The nomenclature does not necessarily
follow the usage of the U. S. Geological Survey.
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Figure 3.--Sketch of well tapping fractured rock.

GROUND WATER

Water-Bearing Units

All the geologic units in Chester County are water bearing. The
units are composed of crystalline rock or highly indurated sedimentary
rock and contain water where the rock has been fractured, decomposed by
weathering, or dissolved. Intergranular permeability is present only in
intensely weathered rock, in some of the Triassic sedimentary rock, and
in some of the quartzitic rock. The water-bearing units and their
reported yields are listed in table 1.

Fracturing

Most wells in Chester County obtain water from fractured rock.
(See fig. 3.) Fractures are common as a result of various natural
stresses. Permeability of fractured rock depends on the number of
fractures per unit area, the size of the fracture opening, and the
interconnection of the fractures.

10
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Figure 5.—Sketch of well tapping solution openings In fractured
carbonate rock.

Solution of Carbonate Rock

Permeability of carbonate rock is predominantly a result of
solution. As water moves through carbonate rock along fractures or
other openings, it dissolves the rock and enlarges the openings.
(See figures 4 and 5.) Where solution has been active, as In a
fractured zone, permeability may be high; elsewhere,the same unit
may be nearly impermeable.

13
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SCALE: 1:24.000

Hydrology mapped in 1984
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! EXPLANATION
i

GEOLOGIC CONTACT — shows location of the contact between carbonate and noncarbonate rocks.

WATER-TABLE CONTOUR — shows altitude of water table. Dashed where approximately located.
1 Contour interval 20 feet. National Geodetic Vertical Datura of 1929.
'!

SITE USltD FOR WATER-TABLE ALTITUDE — Symbol gives location of site. Number gives altitude
i tjf -vatftT table.

Static vtater-table altitude measured in drilled or dug well and year of water-level observation
(in jiarenthesis) measured or reported for a period other than May 18 to June 15, 1984.

Water-level altitude measured in a puicping drilled well.

Altitude of spring.

Water-table altitude in quarry, t



37 '30
I •—•

GEOLOGIC FORMATION BOUNDARIES TRANSPOSED BY HNUS FROM REF. NO. 18 (PLATE

• ^ •i^zso<c^^r' ̂ - / T?r—7 '-'/l,-^ V.; AWvvP'. -A> XP1-"*. (f^-$^(^^^^^'^ - <*' - v/<£f-. ̂ r;^/^^
DISTANCE RADII ADDED BY HNUS. 3^Vv/i ̂ ^^

', x l\
_o _,/

1). ^ v^
^y'-';

/'^s^-^

^TiV )tlsKf

7 - rv,•̂ -•v ; /' ^v-~^•OOv>''NN^^LL.-.
v-\ x--?^

-^^ t— / '^ i—• (-—s ̂ '<

"-^ '̂/'CXX;'•^.•(Osfe

—^i"n
% ^hV^

V. 7 î/>.
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Triasaic Rocks

Triassic sedimentary and igneous rocks of the Newark Supergroup occur in
northern Chester County along the Schuylkill River (fig. 5). The principal for-
mations are the Hammer Creek, Lockatong, and Stockton Formations (plate 1). The
Hammer Creek Formation includes a major interbedded quartz pebble conglomerate,
for which separate hydrologic data are available. Diabase occurs as intruded
dikes and sills. Hydrologic characteristics for the Triassic formations are
given in table 3.

In the Triassic sedimentary rocks, most ground water occurs and moves
through a network of interconnecting secondary openings, such as bedding
planes, joints, and fractures. Some water may move through pores in the rock
where the cement has been removed and the permeability has increased. At
depth, water is often confined under pressure greater than atmospheric. This
confinement is caused by vertical changes in permeability that result from
the cementing material in some zones being less susceptible to removal by
solution, gradations in the textures of the sediments, and varying degrees
of fracturing (Greenman, 1955, p. 28). If the hydrostatic pressure is suf-
ficient, the well will flow at the surface. Water levels in deep wells
respond to changes in pressure; most deep wells penetrate several major
water-bearing zones and are thus multiaquifer wells. Each zone may have a
different hydraulic head. The hydraulic head in a deep well is the composite
head of the several water-bearing zones it penetrates. Where differences in
hydraulic head exist between water-bearing zones, water in the well under
nonpumplng conditions flows in the direction of decreasing head.

Cambrian-Ordovlcian Carbonate Rocks

Chester Valley, which cuts through the center1of the county, is under-
lain by Cambrian and Ordovician limestones and dolomites (fig. 5). The prin-
cipal formations are the Cambrian Ledger and Elbrook Formations and the Cambrian
and Ordovican Conestoga Formation (plate 1). The Cambrian Vintage and Kinzers
Formations also occur locally, but they are of limited areal extent. Hydrologic
characteristics of the carbonate rocks are given in table 3.

In carbonate rock, ground water occurs in and moves through a network
of interconnecting joints, fractures, and bedding planes, some of which may
be enlarged by solution. Permeability of carbonate rock is predominately
the result of solution. Where solution has been active, permeability may
be high; elsewhere, the same unit may be nearly impermeable. Water in car-
bonate rock is generally under water-table conditions, but confined ground-
water conditions may exist locally. Because acidic precipitation dissolves
carbonate rock, water from wells is generally hard and high in dissolved
solids.

Carbonate rock is generally more susceptible to ground-water con-
tamination than most other rock terranes because of the formation of solution
channels. Solution causes enlargement of openings along the more direct flow
paths creating channels for the movement of contaminants. When a contaminant
enters a solution channel, it may move a great distance in a short time toward
a point of discharge. Ground-water and surface-water divides commonly do not
coincide in carbonate-rock terranes, so that contaminates in solution channels
may move rapidly beneath surface-water divides.



Carbonate rocks are susceptible Co the formation of sinkholes. A sinkhole
is a depression in the land surface, often round or funnel-shaped, caused by the
collapse of a subterranean cavity. The following discussion of sinkhole for-
mation is taken largely from Newton (1976) and Newton and Hyde (1971).

Sinkholes can be divided into two categories: induced and natural.
Induced sinkholes are those that can be related to human activity, whereas
natural ones cannot. This discussion will be restricted to induced sinkholes.
Some induced sinkholes can develop within minutes or hours after the effects of
human activity are exerted on existing geologic and hydrologic conditions.
Induced sinkholes are particularly dangerous because they usually form instan-
taneously, and because they often occur in populated areas. Figure 6 shows
several sinkholes that formed following a 1.12-inch rainfall on April 29, 1979.
The sinkholes caused the failure of State Route 29, about 1 mile north of U.S.
Route 202.

Figure 6.--Collapse beneatti State Route 29,
1 mile north of U.S. Route 202.



Sinkholes develop above cavities in carbonate rock. Clay and soil
materials migrate downward into openings in the underlying rock. The
enlargement and collapse of such a cavity is illustrated in figure 7.
The downward movement of material is often initiated by surface water that
infiltrates unconsolidated deposits interconnected with openings in bedrock.
The water moves with sufficient velocity to cause erosion and stoping of the
unconsolidated material, resulting in the formation of a cavity. The con-
ditions may be aggravated by a lowered water table caused by pumping.
Downward migration of unconsolidated material and stoping continues until
the roof of the cavity collapses, causing a sinkhole to form* Induced
sinkholes in urbanized areas are often caused by the concentration of runoff
from roofs, parking lots, and other impervious areas. All of the sinkholes
observed by the author in eastern Chester County during 1979-86, such as the
one shown in figure 8, formed during or immediately after a heavy rainfall.

"^N BOUNDARY DESIGNATING
CAVITY GROWTH

WT-WATER TABLE

EXPLANATION

UNCONSOLIDATED DEPOSITS

WATER-FILLED OPENING IN LIMESTONE
DIRECTION OF WATER MOVEMENT

LIMESTONE

Figure /.--Formation of sinkhole. (From Newton, 1976)
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Figure 8.—Sinkhole along Flat Road, 0.1 mile west of State Route 29.
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Precambrian and Lower Paleozoic Crystalline Rocks

The area underlain by crystalline rock is divided by Chester Valley
(fig. 5). North of Chester Valley, the crystalline rocks are chiefly
Precambrian graphitic gneiss, quartz monzonite and quartz monzonite gneiss,
granodiorite and granodiorite gneiss, Franklin Marble, and Precambian and
Cambrian quartzites (plate 1).

The quartzites comprise the North Valley Hills north of Chester Valley.
They are the Chickies, Antietam, and Harpers Formations. The AntieCam and
Harpers Formations are undifferentiated. South of Chester Valley, the
crystalline rocks are predominately the Precambrian and Lower Paleozoic
Wissahickon Formation and serpentinlte, and Precambrian felsic and mafic
gneisses. The Wissahickon Formation is divided into two fades—an albite
chlorite schist to the north and an oligoclase mica schist to the south.

In the crystalline rocks, ground water is present in and moves through
intergranular openings in the weathered zone and through a network of intercon-
necting fractures and joints in the underlying bedrock. The permeability of
fractured crystalline rock depends on the number of fractures, the size of the
fracture openings, and the degree of interconnection of the fractures.
Compression tends to close the openings with depth. Therefore, they are
generally best developed near the surface. They occur less frequently and are
not as wide with depth.

The crystalline rock is generally deeply weathered. The thickness of
the unconsolidated weathered rock ranges from zero to a few hundred feet.
Because most wells in Chester County have well casing set in the upper few
feet of solid rock, casing length usually indicates the thickness of the
unconsolidated zone. Based on median casing lengths, the average thickness
of the unconsolidated weathered rock is 40 to 60 feet. The weathered
materials overlying bedrock contain a considerable quantity of water in
storage.

RELATION OF URBANIZATION TO WATER USE

Public Water Supplies

Public water companies and municipal authorities serve the more densely
populated areas. In addition, some residential subdivisions in rural areas
are served by small public water companies or by subsystems of the Great
Valley Division of the Philadelphia Suburban Water Company. The public water
companies that serve these residential subdivisions depend upon ground water
for their source of supply.

Public water utilities that serve eastern Chester County and their
source of water supply are listed in table 4; their service areas are shown
in figure 9. In addition, a small part of the study area around Lionville is
served by the Uwchlan Township Municipal Authority.
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Harpers
Schist

Chickies Quart-
zitc and Hellam
Conglomerate
Member

28i,-
'1,000+ Gray saitdy micaceous schist; has thin quartzite beds.

500

Vitreous to granular quarlzile, massive and thin bedded, some
quartz schist and mica schist; conglomerate-bearing beds at
base.

TABLE 1.—Generalized geologic section (modified after Bascom and Stose)—Continued

System Series

Age uncertain —
Precambrian to
Lower Paleozoic

Age uncertain —
Precambrian to
Lower Paleozoic

Age uncertain —
Precambrian to
Lower Palepzofc

Age
uncertain —

Precambrian Glenarm
to Lower
Paleozoic

Precambrian

Formation

Gabbro

Pegmatite

Serpentine

Peters Creek
Schist

Wissahickon
Formation

Cockeysville
Marble

Setters
Formation

Baltimore Gneiss
and Franklin
Limestone

Thickness Character
(feet)

Chiefly calcic plagioclase and hypersthene or augite; may con-
? tain quartz. In small masses hornblende replaces pyroxenes.

Ranges in composition from that of granite to gabbro. Present
? as small sill-like bodies.

Altered peridotite and pyroxenite. Present in small isolated
? exposures.

2,000+ Green fine-grained laminated chloritc mica schist.

5,000—
8,000+ Chtorite phyllite and muscovite schist, injected by gabbro.

Medium to coarse grained white saccharoidal marble, banded
200+ with phlogopitc.

1,000+ Quartz schist, quartzite, and mica gneiss.

Contorted, banded gneiss, in part graphitic, injected by gabbro,
and serpentine. Franklin Limestone is a banded, white, _,5_

? coarsely crystalline marble containing graphite. . J/JF
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10 HYDROLOGY OF CENTRAL CHESTER COUNTY

The amount of recharge an aquifer receives depends upon the amount and
distribution of precipitation. Most recharge occurs during the winter and
spring months.

Despite the fact that approximately 13 percent more precipitation falls
between April and September than between October and March, little re-
charge occurs during the summer and fall months, because higher tem-
peratures plus the growth of plants result in the evapotranspiration or
consumption of nearly all precipitation. By the middle of May, generally,
water levels begin to decline and may continue to do so past the period
of high temperatures and the growing season. Cool and unusually wet
summers and falls may allow recharge to occur a few weeks earlier than
usual and may hold water levels slightly above their normal annual lows,
but generally little recharge occurs during this period and that which does
occur produces only a small and temporary reversal of the downward
trend of the water level.

The rate at which the water level falls and the size of the annual fluc-
tuation depend chiefly on the permeability of the rocks, the height of
the water above points of discharge, and the distance the water must
travel to the discharge point.

Plate 3 shows the water-level fluctuations in well 956-555-1 in Chester
County.

Occurrence
In unconsolidated rocks such as sands and gravels the water occurs

in and moves through the interstices between the grains (called primary
openings). In consolidated clastic rocks such as sandstones and shales,
and in crystalline rocks such as limestones, gneisses, schists, and gabbros
that underlie the area covered by this report, the water is confined mainly
to fractures (secondary openings).

Pumping Effects
In a well supplied from primary openings, water generally enters the

borehole throughout the entire saturated thickness of the aquifer. In a
well supplied by secondary openings, water generally enters the borehole
in discrete zones separated from each other by nonproductive zones.

The amount of water a well is capable of yielding depends on the size,
number, and degree of interconnection of the water-filled openings inter-
cepted by the well. It depends also on how these features change at dif-
ferent distances from the well. As the well is pumped, the water level is
drawn down in the well and in the formation surrounding the well. The
zone in which the water level is drawn down is called the cone of de-
pression. As pumping continues, the cone deepens and grows in areal
extent as water from an ever greater area is diverted from its natural
flow path to replace the water pumped from the well. If the aquifer is

homogeneo1
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Ledger Dolomite, will suffer a more severe curtailment of yield than will
a well in a formation such as Wissahickon, which commonly yields from
several zones.

Ideally, Table 3 should show also the capacities of the zones to yield
water and how the capacities differ at different depths. Such data were
too scarce to put into a table, but they are discussed in connection with
the appropriate formation.

EFFECT OF WEATHERING ON HYDROLOGY

In most places, a soft and poorly consolidated zone of weathered rock
lies immediately below land surface. This zone is generally incapable of
supporting itself and will collapse into the borehole unless kept from doing
so by the use of casing. Casing is generally set just a few feet below the
base of the zone—into more solid rock. Only rarely, as when caving zones
are encountered at considerable depths in a well or when undesirable
water must be sealed off, are greater amounts of casing used. Thus, the
depth of weathering of the rocks in an area can generally be determined
by the amount of casing used in the wells.

The thickness of the weathered mantle is considered important, because
the mantle contains the major part of the water stored in the rocks of the
area. The fractures that serve as conduits have a low capacity for storage.

The range and median depth of casing in wells are listed in Table 2.
In most formations, the median depth is between 20 and 40 feet. Some-
what more casing is needed in wells in carbonate rocks than in other rocks
of the area, because day resulting from the weathering of the rocks may
fill the fractures and solution cavities in many places. These cavities must
be cased off. In such places, the casing is extended downward from the
surface through both the overlying residuum and any fresh rock overlying
the clay-filled solution opening.

a
* 00

EFFECT OF TOPOGRAPHY ON HYDROLOGY

The importance of topography to the hydrology of an area has long
been known. (See LeGrand, 1949; Mundorff, 1948; and Dingman and
Meyer, 1954.) To evaluate its effect in the area covered by this report a
simple four-fold classification was used to divide the topography into {1)
uplands, (2) slopes, (3) draws or small stream valleys and linear de-
pressions on the slopes, and (4) the valleys of the major through-flowing
streams. The last category is less useful than the others because it is dom-
inated by the Chester Valley, which-is underlain chiefly by carbonate rocks
(so that it is difficult to distinguish the effect of topographic position from
that due to rock type), and because there are fewer data in the valley
category than in the others.

-M-
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The northern facies is typically a phyllite (McKinstry, 1961, p. 562)
and is composed chiefly of quartz, feldspar, muscovite, and chlorite. Minute
euhedral albite crystals are reported to be intercalated with muscovite
schist beds (Bascom and Stose, 1932, p. 4). The bedding is rarely vis-
ible, but where seen it is nearly parallel to the cleavage.

The southern facies is more coarsely crystalline than the northern, and
according to Bascom and Stose (1932, p. 4-5) is separable into two
gneissic members—although they did not map it in this way. The upper
member is a muscovite gneiss and, is distinguished from the lower by "be-
ing excessively micaceous . . . and more schistose than gneissic . . . (It) is
characteristically crinkled or fluted, with a schistosity cutting across the
fluting" (Bascom and Stose, 1932, p. 5). It is composed chiefly of quartz,
feldspar, and muscovite. The lower member is developed south of the re-
port area and is a "biotite gneiss, abundantly injected by granitic and
gabbroic pegmatites and by massive gabbro . . . " (Bascom and Stose,
1932, p. 4). Feldspar is more abundant in this member than in the upper
member. In the past some of this member has been mistakenly mapped as
Baltimore Gneiss. Because of the intense folding and lack of recognizable
recurrent beds, the thickness of the Wissahickon is not known.

Water-bearing properties.—The capacity of the chlorite phase of the
Wissahickon to yield water to wells is obscured by conflicting evidence.
Based on reported yields, it is one of the poorer aquifers of the area. Of 41
wells on which yields were reported, about 7 .yielded less than I gpm and
only 2 wells yielded more than-50 gpm. The median yield was about 8
gpm. However, based on specific capacities determined from 18 pumping
tests, it is one of the better aquifers. Specific capacities ranged from 0.04
to 38 gpm per ft. (Only a well in the Cockeysville Marble had a higher
specific capacity than the best well in this unit.) The median was 2.4 gpm
per ft.

The conflict in the data is probably partly due to the improper estima-
tion of the yields of the high capacity wells, as many of these wells were
drilled by churn drill and tested by bailing. Also, it may be partly due to
the failure to include a sufficient number of the poorer wells in the sam-
pling of wells for specific capacity tests, because many of these wells were
abandoned immediately after drilling, when they proved completely inade-
quate.

In the muscovite gneiss phase of the Wissahickon, only 1 of the 77 wells
reported yielded a gallon per minute or less, and 14 yielded 5 gpm or less.
Only 4 wells were reported to yield more than 35 gpm, but 2 of these
exceeded 300 gpm. The median yield1 was 10.5 gpm.

Specific capacities of the gneiss phase were determined from tests on 20
wells and ranged from 0.06 to 8.4 gpm per ft. The median was 0.4 gpm
per ft
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Of 63 reported well depths in the chlorite phase I was less than 50
feet deep and 4 were over 300 feet deep. The median depth was 125 feet.
In the muscovite gneiss phase 2 of the 115 well depths were less than 50
feet and 5 were more than 300 feet. The median was about 112 feet.

Data on the depth of casing were obtained for 46 wells in the chlorite
phase. Eight wells had less than 20 feet of casing and 4 had more than
100 feet. The median depth of casing was 25 feet. Of the 10 wells yielding
20 gpm or more, 4 had 20 feet or less of casing and 7 contained 40 feet
or less. The amount of casing was not reported in 2 of the 10 wells.

Of 67 casings in the muscovite gneiss phase 9 were less than 20 feet and
only 1 casing was more than 100 feet deep. The median depth was 40
feet.

Data on depth to yielding zones was obtained for 20 wells in the chlorite
phase. Eleven of the wells yielded water from a single zone, 5 yielded from
2 zones, 3 yielded from 3 zones, and 1 yielded from 4 zones. Only 2
yielding zones were deeper than 125 feet although 12 of the wells were
between 125 and 400 feet deep.

This distribution of water-bearing zones is markedly different in the
muscovite gneiss phase. Of 40 wells, 11 obtained water from a single zone,
18 from 2 zones, 6 from 3 zones, 2 from 4 zones, 1 from 5 zones, and
2 from 7 zones. Water-bearing zones were not restricted to within 125
feet of land surface, but were at depths as great as 285 feet. One well
obtained 20 gpm from a zone 252 feet deep. Contrary to expectations, no
systematic decrease in the density of yielding zones was noted as the well
depth increased to as much as 400 feet.

Evaluation of the aquifer.—Both reported-yield and specific-capacity data
indicate a wide range in the yielding capacity of wells in this aquifer. How-
ever, for reasons noted at the beginning of the discussion on this forma-
tion, reported yields are not satisfactory for estimating the more commonly
expected yields. Specific capacities were used, therefore, to estimate the
potential yields of the wells, and these estimated yields were used in the
following evaluation. Wells in the chlorite phase should be drilled about
150 feet deep on slopes or in draws to realize an average yield of 75 gpm
or more. The wells drilled on slopes appear to yield slightly better than
those in draws.

In the muscovite phase, the wells should be at least 300 feet deep for
maximum production, and they may be expected to yield 75 gpm or more.
Wells drilled in draws appear to be somewhat better than those on slopes.

Water quality.—Three samples of water from each phase of the Wissa-
hickon were analyzed in the laboratory. The dissolved-solids content of the
samples ranged 115 to 250 ppm and^was about the same in each phase.
Iron ranged from 0.03 to 0.31 ppm. The potassium content of the chforite
phase was quite low (0.2 to 0.7 ppm) and makes water from this phase
readily distinguishable from water from the muscovite phase (3.0 to 3.2
ppm).
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ville and another leaves the area northeast of West Chester. The diabase is
a medium- to fine-grained rock composed chiefly of plagioclase and py-
roxene in equal amounts. It is Triassic in age.

Water-bearing properties and water quality.—-The diabase is small in
areal extent and, so, unimportant as an aquifer; also, it is dense and hard
to drill, and only domestic supplies are obtainable. The single well record
obtained from diabase in this area was that of a well 255 feet deep that
yielded a half gallon per minute from a depth of 70 feet. The water had a
pH of 7.3, a hardness of 5 gpg, and a conductance of 175 micromhos.

Reports from adjacent areas indicate that this is a somewhat poorer
yield than normal, and that yields of about 5 gpm are more typical of the
diabase.

CONCLUSIONS
The ground water occurs in and moves through fractures in the rocks.

Most of these water-bearing zones are less than 200 feet below the sur-
face, but some in the Baltimore Gneiss are deeper than 300 feet. Wells
commonly intercept two or more zones.

Wells in draws and valleys yield more than those on slopes and uplands,
and are generally shallower.

Depth of weathering, as indicated by casing lengths, is not affected by
topographic position. The importance of the weathered zone as a reservoir
appears to be restricted by the abundance of clayey material.

The influence of metamorphism is shown by a decrease in well yield and
an increase in depth of weathering as the metamorphic rank of the rocks
increases from slate to gneiss.

The water is of the calcium magnesium bicarbonate type. It is slightly
acidic—having a median pH of 6.6—and is soft, having a median hardness
of 3 gpg. The median dissolved-solids content is 146 ppm.

Large yields were obtained from several of the formations. These maxi-
mum yields were 270 gpm from the Baltimore Gneiss, 330 gpm from the
Cockeysville Marble, 350 gpm from the Wissahickon Formation, 312 gpm
from the Peters Creek Schist, 665 gpm from the Vintage Dolomite, 150
gpm from the Ledger Dolomite and Elbrook Limestone, 175 gpm from the
Conestoga Limestone, 125 gpm from the gabbro, and 80 gpm from the
serpentine. Although these yields are not typical of the yields that may be
commonly expected, they are more indicative of the potential of these
rocks than the median yields of the domestic wells that provided the bulk
of the data available.

Data were not sufficiently abundant for "adequate appraisal of the Setters
Formation, Chickies Quartzite, Harpers Phyllite, Antietam Quartzite, Kin-
zers Formation, pegmatite, and diabase.

-1-
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AQUIFER CHARACTERISTICS 107

age, the aquifer remains saturated. The storativity (5) of a confined aquifer is
the product of the specific storage (Sa) and the aquifer thickness (b):

_
— (4-19)

AH of the water released is accounted for by the compressibility of the mineral
skeleton and the pore water. The water comes from the entire thickness of the
aquifer. The value of the storativitv of confined aquifers is on the order of 0.005
or less.

In an unconfined unit, the level of saturation rises or falls with changes
in the amount of water in storage. As the water level falls, water drains from the
pore spaces. This storage or release is due to the specific yield (Sy) of the unit.
Water is also stored or expelled depending on the specific storage of the unit.
For an unconfined unit, the storativity is found by the formula

S — (4-20)

where h is the thickness of the saturated zone.
The value of Sy is several orders of magnitude greater than HSS for an

unconfined aquifer, and the storativity is usually taken to be equal to the specific
yield. For a fine-grained unit, the specific yield may be very small, approaching
the same order of magnitude as HSS. Storativitv of unconfined aquifers ranges
from 0.02 to 0.30.

The volume of water drained from an aquifer, Vw, may be found from
the equation

Vw = SAA/i

where A is the horizontal area and A/I is the decline in head.
(4-21)

EXAMPLE An unconfined aquifer with a storativity of 0.13 has an area of 123 square miles.
PROBLEM The water table drops 5.23 feet during a drought. How much water was lost

from storage?

V,t. = 5AA*
= 0.13 x 123 mi: x 2.7878 x 107 ft2/mr x 5.23 ft
= 2.33 x 109 ft3

If the same aquifer had been confined with a storativity of 0.0005, what change
in the amount of water in storage would have resulted?

' Vw = 0.0005 x 123 mi2 x 2.7878 x |Q7 fr/mi: x 5.23 ft
= 8.97 x 106 ft3
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r
This map was generated in October 1992 by Philadelphia Suburban Water Company (PSWC) and shows the service
territories of PSWC and various water supply companies in Chester, Delaware, and Montgomery Counties, Pennsylvania,
No key or legend for this map were available from PSWC. PSWC maps showing the location of water mains are no\
available to the public [ref. no. 35 (p. 1)]. The only way to tell if an individual household is served by PSWC is to companl
tax parcel maps with the PSWC customer billing list [ref. no. 35 (p. 2)]. The information added to this map by HNUS wa»
obtained from reference nos. 35 (p. 1) and 39 (pp. 3 and 4)],

The heavy dashed line represents the PSWC service territory as of October 1992 (prior to the aquisrtion of the West
Whiteland Township and the Matvern Borough Water Authority.) The heavy dotted line has been added by HNUS to
represent the PSWC territory as of June 1995.
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PWS ID «
DEPENDABLE DAILY OUTPUT OF THE WATER SYSTEM-SOURCES pages

SURFACE WATER SOURCES
(Name ol River, Creek, Stream.
Run. Lake, Pond or Reservoir)

Pru. cr*.k
Picketing Creek „

PerkioMen Creek .

Neeheniny Creek

Schuylkill River

TOTAL
QROUNDWATER SOURCES

(WELLS)

NAME or
NUMBER

DEPTH DIAM.
(Inches)

Is
source
melered
Yea

K

X

X

X

X

No

Is
source
melered
Yes No

TO Ml

Average Dally
Withdrawal'

QPD (Oaya)

2i.277.6flS <3fi5»
6,506,301 (365)

21,542,192 (369

9.740.082 (365)

5,768,493 (36S>

( >
( )
( )

A4.M4 753 (36s!

Average Dally
Withdrawal'

QPD (Days)

Sale Yield or
Minimum Production
During Dry Yeara
ol Record (QPO)'

16.000.000
5. 500.000

24.000,000

12.000,000

20,000,000

77,snn,nnn
Sale Yield or

Minimum Production
During Dry Years
ol Record (GPD)B

SEE SHEET "B"
-

Faculties which limit the Total Dally Output
(eg., Raw Water Pumps. Treatment Works.
Transmission Mains. Distribution Systems, etc...)

TYPE

Treatment llorka
Allocation

Allocation fc Piwpe

Treatsient Plant

Allocation

•rxr

CAPACITY (QPD)

25.000.000
15,000,000

24,000,000

12,000,000

20,000,000

96,000.000
Fadlltle: which limit the Total Dally Output
(eg.. Raw Water Pumps. Treatment Works.
Transmission Mains. Distribution Systems, etc...)

TYPE

m=x^T

CAPACITY (QPD)

USE J Reason

_ x̂nL,.
K
X

X

X

X

^xC
USE | Raeson

4

$#r ***
Jyjjjf Pwtod ol
^̂ Non-Use (code)

-^
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PWS I O •
DEPENDABLE DAILY OUTPUT OF THE WATER SYSTEM-SOURCES

page 4

OROUNDWATER SOURCES
(SPRINGS)

Upper Merlon Reservoir

Is
source
metered
Yes No

X

Average Daily
Withdrawal'

GPD (Days)

6.736.151 <365>
( )

( )

( )
( )

TOTAL 6.736,151 *365»

Sate Yield or
Minimum Production
During Dry Years
of Record (GPD)1

7.200.000

7.200.000

Facilities which limit the Total Dairy Output
(eg.. Raw Water Pumps. Treatment Works.
Transmission Mains. Distribution Systems, etc...)

TYPE

Pumps

H^̂ ^̂ Î

CAPACITY (GPD)

20.000.000

20.000.000

USE iRaaian

ffl&f Period of
>5SJ&/Non-Use (code)*/*qr * '

X

X ^x:̂
INTERCONNECTIONS WITH OTHER WATER SUPPLIERS

i
OJ

i

NAME OF OTHER SUPPLIER

SEE SHEET "C"

TOTAL

AVERAGE DAILY WATER
TRANSFERRED

PURCHASE FROM
GPD (Days)

( )

< >

( )

( )

SALE TO
GPD (Days)

( )

I )

( »

( )

MAXIMUM WATER TRANSFER
CAPABILITY (GPD)

FROM TO

USE iRea-on

jj*?<ijp Pcitod of

m^^^cr
Average Daily Withdrawal of all surface and ground water sources. Including purchased water If any, should be equal to the "Total Average Daily Water Use"
indicated on page 2. (See Instruction sheet).
II the Sate Yield Is based on actual pumping tests ot the well or spring Indicate this by putting a "T" in parenthesis after the number (T).

RAW WATER STORAGE

NAME OF RAW WATf R INTAKE DAMS.
IMPOUNDING DAMS. RESERVOIRS OR

STORAGE TANKS

p ring ton Reservoir

rum Creek Reservoir
re en ^ane Reservoir

ickerinp Creek Reservoir
ronworka Creek Reservoir
|tper JQTM* Merlon Reservoir

LOCATION (Body of water If applicable)

Crun Creek, Delaware County
it it >ii ii

Perklomen Creek. Monttoncrv Count v
Pickerina Creek. Cheater County
Ironworks Creek. Bucks Countv
McCoy Quarry, Montgomery County

STORAGE
CAPACITY
(Gallons)

3.500.000,000
92.000.000

4. 400. 000 T 000
375.000.000
650.000.000
400,000,000



SHEET "B"
GROUNDWATER SOURCES

NAME fij

1 . Aidenn
Lair

2.

3.

4.

5.

6.

7.

8.

9.

10

11

12

13

14

15

B*bb

Cabot

Cedar
Grove

Chateau
Drive

Cheeter
valley
Dilworth-
town OaJcs

Edgewood
Cha«e

Enfield

, Fire-
thorn

. Flour-
town

. Goshen
Downs

. Grand
Oak

. Greet
Valley

. Hall
Road

U2£k

502 '

476'

275 '

430*

280*

197 '

400*

300*

350*

222*

3oo*

260*

134*

340*

460*

Dia.

10"

14"

8"

10"

8"

12"

6"

8"

10"

8"

12"

6"

8"

8"

12"

1989 Avg. Daily Rated
withdrawal Capacity
fMGDl (MGm

0.25

0.91

1.33

———

0.13

0.89

0.05

0.07

0.13

0.09

1.21

0.04

0.23

0.18

1.76

0.36

1.00

3.00

0.29

0.19

1.44

0.06

0.13

0.30

0.09

1.44

0.09

0.21

0.29

2.00



Shaat "B"
Groundvatar Sourcaa
Paga 2

1989 Avg. Daily Rated
Withdrawal Capacity

NAME DaPth

16. Highland
Glan 360'

17.

18.

19.

20.

21.

22 1

23.«r
24.

29.

26.

27.

28*

29.

Hunt.
Country 179 '-400'
Karrs
Can* 590 *
Mt. Brad-
ford 149 '
Haw
Kant 340'

Worth
Hills 300 '

OaJc-
bourna 126'
Orala;;d 436*

Pann-
wood 423 '

Plymouth
11. 600'

Plymouth
12 463 '

Pocop̂
•on 240'
Pomona
Park 190'

Pottatown
Pika 237'

fii&i.

6"

6"

14"

8"

8"

12"

8"

12"

8"

8"

10"

6"

8"

6"

fMGDI

0.11

0.39

1.66

0.03

0.13

0.62

0.04

1.11

0.08

0.12

0.17

0.02

0.04

0.23

fHGD)

0.14

0.32

2.00 -

0.06

0.20

0.70

0.07

1.44

0.09

0.20

0.50

0.10

0.06
-

0.24

-5"-



Shaat "B"
Graundvatar Sources
Paga 3

KAttE Daoth

30. Radlay
Hava 495'

31. Radlay
Run 398'

32. Thomas
Road 504*

33. Trady-
f frin 316'

34. Oppar-
Harion 502*

35. Wasttown
Par* 100'

Dia.

8"

8"

12"

12"

12"

8"

tanant. matari

1989 Avg. Daily
Withdrawal
rMGDi

0.12

0.13

0.22

0.94

0.51

Q-Q1
13.91 MGD

id Cacilitiam. and a:

Ratad
Capacity
rMGDl

0.29

0.19

1.00

2.00

1.44

0.03
21.96 MGD

ra lifflitad
to tha ratad capacitiaa givan

B. Cadar Grova Wall
quality problams.

is temporarily out of aarvica dua to

SHEET "C"



REFERENCE NO. 38



May 9, 1995

Mr. Richard C. Tortoriello, Ph.D., P.E.
Head, Operations Branch
Delaware River Basin Commission
P. 0. Box 7360
West Trenton, N.J. 08628-0360

Re: 1994 Annual Surface Water Reports

Dear Mr. Tortoriello:

Attached are the completed Surface Water Use Reports for 1994.

Please call me at {610} 645-1092 if you have any questions about
the reports.

Sincerely,

Thomas M. Kiely, P.E
Chief Engineer

Enc.



PART A

DELAWARE RIVER BASIN COMMISSION
PO BOX 7360

WEST TRENTON, NEW JERSEY OS62S-0360
609/8S3-9500; FAX: 609/883-9522

ANNUAL SURFACE WATER USE REPORT - CALENDAR YEAR 1994

NAME & ADDRESS OF USER Philadelphia Suburban Wafer Company
762 Lancaster Avenot
Bryn Mawr, PA 19010

SOURCE OF WATER SUPPLY

3.

Cram Creek la taka
Springfield Township, Delaware Co.

PUMPING CAPACITY Spediy unite million gallons per day (mgd) or gaUo«s per minute (g/mln.)

a. Intake Capacity

b. Pumping Capacity 45 MGD

TOTAL SURFACE WATER WITHDRAWALS IN MILLION GALLONS

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

618.520

536.820
605. 310

182.050
620.690
661.631

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

TOTAL 101 YEAR
(MILIJOM GALLOA»

670.261

6 TO. 345
394.24*

606.498
586.898
606.607

7.299.916

5.

6.

MEASUREMENT BASED ON (CIRCLE ONE)

(a.) Meterinf b. HOOTS of Operation

ESTIMATED VOLUME OF 1994 CONSUMPTIVE USE ATTRIBUTABLE TO SURFACE WATER

WITHDRAWALS (REFER TO *4I 948.989 ____________ IN MILLION GALLONS.

Slate of Pennsylvania

County of Montgomery

Subscribed and sworn to before me

this 9th dav of May .1995

Notary

Signature oftCernryiag Official

Thoaas M. Kielv________________
Print Name

Title

Phone
6AS-10Q7



1.

3.

PART A

DELAWARE RIVER BASIN COMMISSION
PO BOX 7360

WEST TRENTON, NEW JERSEY OW2S-0360
609/883-9500; FAX 609/883-9522

ANNUAL SURFACE WATER USE REPORT - CALENDAR YEAR 1994

NAME & ADDRESS OF USER

SOURCE OF WATER SUPPLY

Philadelphia Suburban Water Company
762 Lancaster Avenue
Biyn Mawr, PA 19010

Ntshaminy Creek Intake
Mlddletown Township, Bocks County

PUMPING CAPACITY Specify units: million gallons per day (mgd) or gallons per minute (s/nav.)

a. Intake Capacity 13

b. Pumping Capacity 25 MGD

TOTAL SURFACE WATER WITHDRAWALS IN MILLION GALLONS

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

307.780

276.309

296.010

279.400

311.520
334.280

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER
TOTAL IX>* YEAR

(MILLION GALLON!)

296.010

263.529

255.688

259.978

249.190

268.297

3,397.991

5. MEASUREMENT BASED ON (CIRCLE ONE)

U.) Metering b. Hours of Operation c. Estimation

6. ESTIMATED VOLUME OF 1994 CONSUMPTIVE USE ATTRIBUTABLE TO SURFACE WATER

WITHDRAWALS (REFER TO »41 4 4 1 . 7 3 9 I N MILLION GALLONS.

State of Pennsylvania

County of Montgomery

Signature of Certifying Official

Subscribed and sworn to before nw

this 9th day of May . 19 95

Notary

Thomas M. Kiely
Print Name

Chief Engineer

(610) 645-1092

Title

Phone



PART A

3.

DELAWARE RIVER BASIN COMMISSION
PO BOX 7360

WEST TRENTON, NEW JERSEY OS62S-0360
609/883-9500; FAX: 609/883-9522

ANNUAL SURFACE WATER USE REPORT - CALENDAR YEAR 1994

NAME ft ADDRESS OF USER Philadelphia Suburban Water Company
762 Lancaster Arena*
BiyaMawr, PA 19010

SOURCE OF WATER SUPPLY Paridonua Creek Intaka
Lower Provisdcsrce Township, Montgosaery Co.

PUMPING CAPACITY Specify units: million gallons per day (mid) or pllona p«r minute (t/min.)

a. IntsJte Capacity 2° MGD ____________________________

b. Pumping Capacity 39 MGD

TOTAL SURFACE WATER WITHDRAWALS IN MILLION GALLONS

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

543.870

584.592

626.523

617.308
610.111

653.302

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER
TOTAL lOt YEAR

(MILLION GALLONS)

406.929
630.086

594.999

624.097
562.124

5SO.742

7,004.683

5. MEASUREMENT BASED ON (CIRCLE ONE)

(a) Mftariasj b. How*of Operation c. Estimation

6. ESTIMATED VOLUME OF 1994 CONSUMPTIVE USE ATTRIBUTABLE TO SURFACE WATER

WITHDRAWALS (REFER TO #4) 910.609_____________ IN MILLION GALLONS.

Statt of Pennsylvania

County of Montgomery_______

Subscribed and sworn to before me

this 9th darof May 19 95

Notary

Signature of

Thomas M. Klely
Print Name

Chief Engineer
Title

(610) 645-1092
Phone



PART A

1.

3.

DELAWARE RIVER BASIN COMMISSION
PO BOX 7360

WEST TRENTON, NEW JERSEY 0862S-0360
609/883-9500; FAX: 609/883-9522

ANNUAL SURFACE WATER USE REPORT - CALENDAR YEAR 1994

NAME & ADDRESS OF USER Philadelphia Suburban Water Company
762 Lancaster Avenue
BrynMawr, PA 19010

SOURCE OF WATER SUPPLY Schuyiklll River Intaka
SchnylkUl Townihlp, Chester Conor/

PUMPING CAPACITY Specify anitsx million gallons per day (ragd) *r pllou* per minute (j/min.)

a. Intake Capacity 30 MGD___________________________

b. Pumping Capacity ____30 MGP__________________________

TOTAL SURFACE WATER WITHDRAWALS IN MILLION GALLONS

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

427.203
345.692

460.007

420.462
495.725

4*3.903

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER
TOTAL RHtYRAR

(MILLION GALLOND

469.424

488.307

459.896

380.732

356.977

434.537

5.222.865

5. MEASUREMENT BASED ON (CIRCLE ONE)

(a) Mtttriaf b. Hours of Opcratkw c, Estimatioa

6. ESTIMATED VOLUME OF 1994 CONSUMPTIVE USE ATTRIBUTABLE TO SURFACE WATER

WITHDRAWALS (REFERTO 04} 678.972____________ IN MILLION GALLONS.

State of Pennsylvania______

County of Montgomery_______

Subscribed and sworn to before BM

IhU 9th day of May . 19 95

Signature of

Thonaa M. Klely

Official

Print Name

Chief Engineer

(610) 645-1092
Notary

Title

Phone



PART A

1.

3.

DELAWARE RIVER BASIN COMMISSION
PO BOX 7360

WEST TRENTON, NEW JERSEY OM2S-0360
609/883-9500; FAX: 609/883-9522

ANNUAL SURFACE WATER USE REPORT - CALENDAR YEAR 1994

NAME & ADDRESS OF USER

SOURCE OF WATER SUPPLY

Philadelphia Suburban Water Company
762 Lancaster Avenue
BrynMawr, PA 19010

Helming Creek Intake
Schuyildll Township, Chester Gouty

PUMPING CAPACITY Specify units: mUUoa gallons per day (ragd) or gaDoni per minute

a. Intake Capacity *5 MGP

b. Pumping Capacity 58 MGD

TOTAL SURFACE WATER WITHDRAWALS IN MILLION GALLONS

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

234.100

174.100

73.500

116.800

111.600

95.400

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER
TOTAL FOB YEAR

(MILLION GALLONS)

124.100
85.200

102.300

111.200

109.600

95.500

1,433. 40Q

5. MEASUREMENT BASED ON (CIRCLE ONE)

fcjMtterinf b. Horn of Operation c. Est

6. ESTIMATED VOLUME OF 1994 CONSUMPTIVE USE ATTRIBUTABLE TO SURFACE WATER

WITHDRAWALS (REFERTO *41 186.342________ Q* MILLION GALLONS.

State of Pennsylvania

County of Montgomery_______

Subscribed and sworn to before me

*** 9th day of May 19 95

Notary

Signatnv of Certifying Odcial

Thornaa M. Klely_______________
Print KaaM

Chief Engineer_________
Tide

(610)645-1092_________________



PART A

3.

4.

DELAWARE RIVER BASIN COMMISSION
PO BOX 7360

WEST TRENTON, NEW JERSEY OS62S-0360
609/883-9500; FAX: 609/8S3-9522

ANNUAL SURFACE WATER USE REPORT - CALENDAR YEAR 1994

NAME & ADDRESS OF USER Philadelphia Suburban Water Company
762 Lancaster Avenue
BrynMawr, PA 19010

SOURCE OF WATER SUPPLY Pcnaypack Crtck Intake
Lower Moreland Township, Montgomery Co.

PUMPING CAPACITY Specify units: million gallons per day (mgd) or gallons per minute (g/min.)

a. Intake Capacity _____5 HSD___________________________

b. Pumping Capacity __ 0 MGD

TOTAL SURFACE WATER WITHDRAWALS IN MILLION GALLONS

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

-0-

-0-

-0-

-0-
-o-
-0-

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER
TOTALID1YEAR

(MILUON GALLONS)

-0-

-0-
-0-

-0-
-0-
-0-

-0—

5. MEASUREMENT BA5ED ON (CIRCLE ONE)

(a.) Metering k Hours of Operation c. Estimation

6. ESTIMATED VOLUME OF 1994 CONSUMPTIVE USE ATTRIBUTABLE TO SURFACE WATER

WITHDRAWALS (REFER TO #4)_____-0-_____________ IN MILUON GALLONS.

State of Pennsylvania

County of Montgomery

Subscribed and sworn to before me

this 9th day of May . 19 95

Notary

Signature of

Thomas M. KlelT

ig Official

Print Name

Chief Enelneer

6AS-10Q7

Title

Phone



PARTB
TO BE COMPLETED BY WATER PURVEYORS ONLY

7, TOTAL 1994 WATER WITHDRAWALS IN MILION GALLONS FFQM Ail. SOURCES

MON1B

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

TOTAL(S)

SURFACE
WATER

2.131.473

1,917.513

2,061.350

2.016.020

2,149.646

2,228.516

1,966.724

2,077.467
2,007.169

1,982.505
1,864.789

1,955.683

24,358.855

WELLS

409.615

372.454

412.654

424. 075

453.335

461.715
471.741

424.258
407.789

417.912
383.162

398.203

5,036.913

PURCHASED
WATER

222.298

191.960

203.879

187.178

204.326
210.470

215.695

196.486
184.267

194.968
172.755

172.465

2,356.747

UPPER KERIOB
ffffJUL
^9^B3BC

183.648

171.612

162.772

161.101
167.762
250.816
246.135

160.855
200.866

151.200
181.362

157.523

2.195.652

TOTAL

2,947.034

2,653.539
2,840.655

2,788.374

2,975.069
3,151.517
2,900.295

2,859.066
2.800.091

2,746.585
2,602.068

2,683.874

33.948.167

41

LOCAL WELL NAMEfS) See Attachments

NUMBER OF PURCHASED-WELL INTERCONNECTIONS . 5

1. DATA ON DISTRIBUTION

». POPUIATION SERVED 830,000 (eat.)

b. NUMBER OF SERVICE CONNECTIONS . 2A9i535

_(*)

(#)

e. PERCENTAGE OF CONNECTIONS METERED 1QO (%»

i. Residential

ii. Industrial

UL Connntrdal

iv. *M*» Public. Fire, Other Utllltle
v. Unaccounted-for wattr ud line lot*

TOTAL (Should cqul 100%)

50.58Z
6.36Z

23.811

3 1.90Z
17.351

100,001



ORIGINAL SYSTEM WELL SENDOUT - 1994 '

lu | AI

WELL NAME JANUARY FEBRUARY MARCH APRIL MAV JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMhOl DtCIMIiiH t . /Minr . - ,

AIDEN LAW 6,662.SIB 4.965.217 7.325.946 7,649.471 6.633.626 5.627.331 4.127.613 5.O54.053 4.B5O.622 4.369.144 3,662.949 3.992.381 05.160,776

BABB 26.065,790 27-.132.76O 30.2O6.6B8 26.695.735 29.584.993 29.4OB.9O5 3O.653.32S 31,400.176 30.146.395 30.69O.53S 25,927.450 3O.B25.0B8 362.939.839

CABOT 47.391.4 5O 44.417.095 49.549,895 4B.S66.570 49.3B1.790 46.600.985 50,363.980 4S.128.OOS 46.826.S95 47.297,695 45.539.865 47.485.750 572.551.675

i
CHESTER VAL. 30,213,215 26.393.02S 30.012.223 29.572.733 30.425.275 20.587.748 29,816.490 29.646.903 2B.443.64O 28.384.980 27.441.090 25.533.856 344.471.OBO

ENFIELD 0 0 0 531.773 5.970.5O8 6.628.011 5,484,993 5.254.196 5,165.754 588,092 0 0 28.623.32?

FLOURTOWN 35.423.495 34.296. BOS 39.801,520 36.871.295 39.53B.933 30.247,973 39.371,468 36.832.733 36.364.825 37.49O.5O5 37,688.340 38.923.0O5 450.a50.9OO

GREAT VALLEY 0 0 O 0 0 0 0 0 0 0 0 0 0

HALL ROAD 48.228.315 43.557,370 48.89O.l55 47.145.450 46.137.35O 46.230.47S 47.981.11O 47.76S.290 33.155,825 47.402,805 45.295.510 45.991.210 549.780.865

KARRS LANE O 0 0 O 0 23.236.575 22.164.648 0 0 0 0 0 45,401.423

NORTH HILLS 18.315.7OO 16.O42.B46 21.343.975 21.023,715 20.691,796 17.080.16O 19.O5fi.B6O 21.956.310 23.291.605 20.876.646 19.078.246 20.344.910 241,104.709

ORE LAND 29.30S.475 27.404.B46 12.841,764 3O.O43.1OO 35.015.B20 33.OO0.013 3t.093.725 18.091,214 22.792.033 25,061.608 20.311.553 28.966.320 3)3.947.471

PLYMOUTH 1 4.152.OS5 3.677,749 4.574.757 4,395.419 4.261.599 3.640,574 3.276.206 3.211.979 3.112.919 2.899.471 2.542.546 2.769.465 42.7U.741

PLYMOUTH 2 0 0 0 260.710 3.5O5.393 3.120.0OO 3.590.OOO 399,723 0 0 0 0 lO.d95.B26

THOMAS ROAD O O O O O O O O O O O O O

TREDYFFRIN 26.481.413 23.416.555 29.OO1.933 30.529.505 31,469.940 27.221,403 24.912.205 26.818,965 2B.172.236 31.380,930 29.044.245 26.229.906 336.699.260

UPPER MEHION 13.625.535 13.OO5.973 13.615.474 13.392.108 13.837.643 15.636.O45 16.574.039 15.921.444 15.818,335 15.403.426 14.202.244 12.460.616 173.693 BH4

MALVERN 5.925,135 6.321.209 8.161.096 6,666.757 5.225.678 S.355.OOO 6.100.0OO 5,850.358 8.126,731 6.983.954 4.363.946 0 69.121.864

TOTALS: 293.790.O96 272.851.453 295.547.428 3O5,588.341 323.900.246 328.621.198 334.S68.682 297.331.366 286,266,417 298.829.793 275,117.986 285.542.511 3.597.957,719

Not a: Total figuros may not agree with th daily pumping report due to hexidecimal round-ofi. ^k .



ORCAT VALLEY SYSTEM WELL SEND OUT • 1994

WELL NAME JANUARY FEBRUARY MARCH APRIL JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER OtCtMHER

BEVERSREDE 662.164 681,683 813.620 855.492 857.O35 797.021 1,010.431 1.0O8.6BO 1.007.OO5 893.530 7 53,000 914.133 10.4S3.594

CHATEAU DRIVE 3.983,629 3.847,251 4.330.681 3.B62.176 4.201.67ft 3.860,230 4.037.322 3.936.033 3.828,168 3,789,376 3.&4S.BB9 3.293.507 46,515.941

EDOEWOOD O O O O O O O O O O O D 0

FIHETHORN 1,301,963 2.391,344 2,640,798 2.307,3*7 2.401.013 2,616,450 2.OOB.447 194,284 16.759,296

GOSHEN DOWNS 32B.291 624.696 47.032 999.919

GRAND OAK 6.203.637 6.612.429 6,213.660 0.016.309 7.66Q.2O5 7,422,824 7.664,616 7,213.649 6,012.351 6.165.B3O 6.699,668 5.599.373 7B.174.350

HIGHLAND QLEN 3.042.019 2.466.749 3,646,167 3.526.167 3,461,302 3.101.194 2.810.667 3,225.903 3,9OO.127 3.660,813 2.957.657 2.851,107 36.551.872

HOLLOW HUN 4.746,846 3.671.O47 3.010.482 3.611,840 4.465.843 4.917.426 6,380.440 6.287.672 4,638,916 4.B61.224 2,898,097 4.339.B51 51.839.594

HUNT COUNTRY 9,865,642 9.224.629 10.357.3O2 1O.OB4.876 10.167,645 10.000.6O6 10.286.662 10,268.859 9,621.353 9.901.246 9.452.619 9,689.401 118.821.030

M T . BRADFORD 0 0 0 0 0 0 0 0 0 0 0 0 0

NEW KENT 967,427 1.967.419 2.015.73O 1,963,135 2,062.767 2.033,893 1.680.762 1,926.812 1,942.640 1,919.410 18.499.965

OAKBOURNE 2.07B.6O5 1,967,641 2.164.B41 2.163.461 2.204.723 2.175,975 2.059,313 1.989,157 1,828,302 1.B2&.B67 1,886,656 1,989,936 24.434.279

PENNWOOD 58.482 47.422 63.898 16.236 17G.O4O

POCOPSON 698.365 606.160 569,605 173.651 745.899 709.172 622,004 450.710 682.661 673.466 667.674 610.040 6.709.377

POMONA PARK 1,141,829 1.021,211 1,068,781 1.OB0.305 1.070.688 1.034.927 1,156.462 1,163,614 1.086,745 1,063,574 1.063.345 1.096,414 13.071.795

RADLEYMEWS 4.660.007 4,25O.OB3 4.685.406 4,436.068 4.695.649 4.337.346 4.660.226 4.676.296 4.404,263 4.343.113 4,1&7,B3O 4.250.329 53.356.620

RADLEY R U N O O O O O O O O O O O O 0

TOTALS: 37,082,643 33.148,773 39.152.O55 4O.O69.107 44.187.186 42,976.946 44.737.382 43.765,070 41.349.868 39.215.463 35.124,775 36.5&5.5O3 477.363.692

Note: Total figures may not agree with th daily pumping report due to hoxidecimal round-off.



W, WHITELAND «• UWCHLAN SYSTEM WELL SENDOUT - 1994

WELL NAME JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY

liilrti

AUGUST SEPTEMBER OCTOBER NOVEMBER DCCEMOtR GALLONS

HILLSIDE 1 2.S67.423 2,176,476 1,895.435 2.O08.437 1.743.672 2.170,498 2.397.600 3.040.937 3.831.990 2.459.700 3.612.223 3.7I9.1B7 31,625.478

HILLSIDE I 13.666.458 12.356.644 14.364.296 13.577.421 14.170.328 13,139.215 13.294.6S3 13.116.966 12,170.946 13.944.571 ll.4O1.653 1t.894.OO3 157.109.156

BELL TAVERN 1 264.700 7.2BO 4.826 28.892 366.426 1.343.261 2.667.148 4.O53.352 161,934 891,763 3.825 3.160 9.696.569

BELL TAVERN 2 4.346.575 &.14O.12S 6,798.766 4.013.962 7.504.625 9.O22.748 11.211.803 10.681.669 4,334.762 5.911.871 4,677.868 5.249.306 77,894.180

MLFORO 4.081.463 3.882.138 3.315.972 3.676.835 4.146.373 3,715.848 3,047.712 3.2O9.201 4,402.640 4.66B.9O5 4,532,681 4.665.277 47,344.945

R. DEAN 1 12.255.236 11,319.628 12,831.496 12.687.315 12.6OO.8OJ 12.063.941 12.061.416 12.188.926 11.844.081 12.O23.991 11.763.563 12.342.889 146,083,186

R. DEAN 2 5.260,542 8,669.616 4.943,680 6.006.023 5.656,918 30.525.779

SAYBROOK 1 7.615.820 7,204,354 9.063,164 8.B93.O48 B.BO3.8O7 9.12O.575 9.246.193 6.718.3O6 6,702.825 6,007,968 2.952.752 3.524.976 83.843.806

SAYBROOK 2 3.133.674 1.599.067 3.032,935 2.806,702 2.9O6.B42 2.B9O.843 3.O45.2BO 2.446.SO4 2.518.392 2,585,076 2.503.937 2,582.638 32.052.O90

SHOENRD- 1 19.158.3O6 16.310.163 1S.839.343 18.775.703 19.838,910 18.959.018 16,220,241 13,767,550 17.738.444 16.465.244 19.966.143 20.761.996 213.791.066

SHOENRD. 2 10.638.078 5.574.494 10,846.664 11.032.639 11.831.553 11.064,313 9.44O.9O9 7.933.95O 10,366.647 9,212,346 10.512.655 1O.355.653 I18.610.OOI

STONEHE'DGE 1.074,366 879.400 952,143 1,016.533 1.134.675 1.377.174 1.231.734 1,070,577 1.092.158 1,039.796 991,909 1,005,220 12.ate'789

TOTALS: 78.742.101 66.453.669 77,954.964 78.417.487 85,246.112 BO, 117,876 92,434.304 83.161.62O 80,170,744 79,867,151 72.919.214 76.1O4.705 961.592.047

ORANDSTAFf 138.0OO 138.OOO

Note: Grandstaff Watar Co. purchaaad Dec. 22, 1994. TotaJ vandout does not includo Grandstaff aendout figure*.
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Table 1.--Aquifer codes

Era, system or series!/ Code Geologic unit

Upper Trlassic

Middle Ordovician

Lower Ordovician
to Lower Cambrian

Middle Cambrian

Middle to Lower
Cambrian

Lower Cambrian

Upper Precambrian

231DIBS

231BRCK

231HMCK

231LCKG

231SCKN

300PRCK

367CNSG

371ELBK

377LDGR

377K2RS

377VNTG

377ANTM

377HRPR

377CCKS

377HLLM

300STRS

Diabase

Brunswick Formation

Hammer Creek Formation
Conglomerate

Lockatong Formation

Stockton Formation

Peters Creek Schist

Conestoga Formation

Elbrook Formation

Ledger Formation

Kinzers Formation

Vintage Formation

Antietam Formation

Harpers Formation

Chickies Formation

Chickies Formation, Hellam
Conglomerate Member

Setters Formation

X



Table 1.--Aquifer codes — Continued

Era, system or series!/ Code Geologic unit

Lower Paleozoic 300WSCKA Wissahickon Formation, albite
chlorite schist

300WSCKO Wissahickon Formation,
oligoclase mica schist

300CCKV

Precambrian 400FLCGH

400FLCGP

400MFCGH

400MFCGP

400FRKL

400GRGS

Unknown age OOOANRS

OOOGBBR

OOOGRDR

OOOGRGS

OOOGRPC

OOOMDBS

OOOMFCGH

OOOMGBR

OOOQZMZ

OOOSRPN

Cockeysville Marble

Felsic gneiss, hornblende-bearing

Felsic gneiss, pyroxene -bear ing

Mafic gneiss, hornblende-bearing

Mafic gneiss, pyroxene -bear ing

Franklin Marble

Granitic gneiss

Anorthosite

Gabbro and gabbroic gneiss

Granodiorite and granodiorite gneiss

Granite gneiss

Graphitic gneiss

Metadiabase

Mafic gneiss, hornblende -bearing

Metagabbro

Quartz monzonite and quartz monzonite
gneiss

Serpentinite

V From Berg and others (1983)



Table 2.--Records of wells

Site-ID: Well location. First six numbers are latitude in degrees, minutes,
and seconds. Next seven numbers are longitude in degrees, minutes,
and seconds. Last two numbers are sequence number.

Use of site: 0, observation well; T, test well; U, unused; W, withdrawal;
Z, destroyed.

Use of water: A, air conditioning; C, commercial; H, domestic; 1, irrigation;
J, industrial cooling; N, industrial; P, public supply; R, recreational;
S, livestock; T, institutional; U, unused; Z, other.

Aquifer codes are given in table 1.

Altitude of land surface is estimated from topographic maps. Datum is National
Geodetic Vertical Datum of 1929.

Water level is in feet below land surface. FLOWING, well flows but head is
unknown; A, airline; M measured; P, pumping water level; R, reported.

-¥-
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4aoil4C73111101
3V3V12C71341001
l»»3aC75344*01
393I12C733I3101

1*1*14071172102
400113C71321001
3*3*1107)110101
1*1414071310*01
1*1144071)74101

LIMIT, NOt MM
LAMITf NOINAN
MCLI»*NSr *OSi
THOMSON* ILAM
THOMSON* IL1N

UMLI* ONAI
MOSIUS* U
CINMd. VIINON
SNOKII* HILNII
MILLflt NOtNAN

IOIOU6H OP 4TGL1N
IOIOU6M Of ATGLIN
INCIL* MATNUO
1TOLTIPUI* IALPH
CLICK

JACISON. tttllT
L*f»» LIIOT
IGOLF< I*IL
•INOINMALL* IOIIIT
«ITTI«, L4HICNCI

IUCKHM.TII* N
IblMG* *
HAIVtT * 1MLIT
IINNIL* It*

ITOLTt'Ulf JOII'H
1CNOM, LIONAIO
1CHOPF' LIONAIO
JCHOM, LIONilO
INCKfl* 01*10

ItTNllO* JOHN
IAMILL* 1LI1I
VtLLfT rOIGI CNHSTItN COLLIGI
K1LUIT POICI CNIISTI1H COLLIGI
NOLL ING SHORTH* J

tlkOPOID GLCN It CO
11*0*0(0 GLIN U CO
IIAO'QID GLIN M COMY, IDUAIO
HIM* JIH

LOGCINS. LIHIINCI
LII4N* JO!'
KATTIOMI* tMIIITO

hOLP* LINTMA

GllfiO** ADAH
•«TOOI«* VIINON
SUMLtt* ILAM
4U1TIN* JIM
BACK* 101

C1POIZOLI. MAHI

THOMSON* IONALO
•ONT80NIIT
NcHILLlANS

N«GLIHCH|T
U. 1. AlftV
T«IT, H f
• HUT
11*0*1

civil
• inter TUII
IIULIT
1VIVIT
IHMKWS

J4IIITT
OORTON
LOIH
TttMWII

MTIR1NIIH IIOI.
PfTIRSHIIH ••01.

IIOS.

IROt.

1*20
1*14
1*12

LIIOT
LINOT HTIR1

0. I.
LI10* HTftl
LllOf *T»I

LIIOT HTIRI

C. S. GAtltl i

I'll
1*21

110*

t**I
1*47

1*5*
1*42

itot.
••OOtOtll HILL ORLC. CO.

ALPRIO 6. ftUKLIT

HTCI1 IIOS.' OKLG. COHT.

tOIIKT I. HkTTSON
*1t*t 4101. DRLC. CONT.
MTIIfNfIN not.

LIIOT NTIII

IIOS.
LIIOT NTIII
•4IIT Lll MTItS

THOMAS C. ttltS
C4LVIN I. PQHILL

TitOMAS B. KITl«

THCNtt fi. KITH

IIOOMOVII bILL- OtLG. CO.
II00*0*tI HILL OILG. CO.

lOHNIt J. HTIIS
THQNIf G. H»IS

1*77
1*77

1*14
1*7*

1*71

1*17

1*77

1*71

1*71
1*7*

1*77
1*77

1*46
1*10
1*44

JOOPRCK
JOOMCK

i*eo
1*11
1*14
1*71

300HCK
JOOWtCt*
1*7CN!G
OOOCIG1
177C«S

OODStCS
OCOCICS
OOOCICS
ooocies
OOOGICS

OOOGIGS
J77CC«I
100'tCK
100'ICIt
JOOWiCH

100U1C1A
1*7CNSC
1COHSCKA
177Mfl^R
OOQCISS

OOOSttS
lOCUSCKJt
30CUUX*

OOOCISS

OOOGICS
OOCCRCS
2311CKN
2111CKH

100H1CKI
100HSCK*
1QOU1CI*
177CCIJ

177CCKJ
377CCKI
J77CC«J
177CCKS
J77CC«S

177CCKS
1774NTH
377CCKS
0000 I HI
ItrCNtC

10 OH 1C 11
JOOflCKl
lOOUSCft*
lOOMICKJt
300U1CX*

10GUICKO
300N1CKO
IOCWIC'0

IOOH1CRO
100USCIO
100W1CKO
3QOHSCRO

300HSCKO
JOOWSOO

7



• t
••11

12
'1

tit
331

300
70

1*0
3)
"

4)
lit
111

10
40

11
110
41
40
40

17
41

100
140

10

11
100
170
-•
30

It
11

140
—,

131

10)

140
140
41

11)
*1

110
11)
110

110
200
100
«
"
„

343
•-
—
"

..
Ill
110
--
"

to
10
"
— »
--
-.
Ill
»
«
~

?::"
«...«11—
10
10
«
--

10
40
™
—
--
«
-_
«
.-
40

-.
•-
II
~
—
„
1*
11
«
-.

„
~
—
—
14

10
41
71

120
11

It
«
4)
— •
41

__
11
40
«
~

__
~
--
«
"

„
--
--
--
"

„
*»
«
«
"

..
10
«
--
--

1

f
f
«

4
4

4
4
4
4
4

4
4

.-
4

"•

—
4

--
4
4

..
--

4
1
"

_.
t
4
t
"

4

—
—
»
1

4
1
4
4
4

t
«
t
«

4

__
4
4
«
"

t

4
4
4
«

4
--

4
t
1

t
1
t
t
4

4
t
t
4
4

tl**»tl*n

4)1
440
1*0
405
40)

440
440
III
tio
710

170
til
4*0
171
71)

750
710
411
440
tl)

)00
4*0
400
)7)
HO

tO)
170
110
441
4«»

110
))0
—
_>
120

441
*70
440
471
100

110
710
4)0
tio
440

740
740
1*0
410
110

140
140
140
)70
140

410
340
)10
)10
440

)*0
]*j
110
411
410

440
140
410
130
413

13.0 n
1.00

17.0 PI
)i.a PI
10.0 N

41.0 1
10.0
54.7
14.0 H
31.0 H

11.0
11.0
«

11.0 M
-~

D.O H
11.0 H
)*.0 •
11.0 H
10.0

tl.O M
•-

11.0 M
41.0 •

t.OO H

13.0
10.0

t.OO M
«

11.0

10.0 N
11.0 H
~
«
"
—
""

10
•0.* I
It H

41
40 H
I*. 4 t
70 I

™

1*.* 1
•1 *
~

14 »
40.) H

11.0 H
31.) 1
It. 3 H
1*.4 M
)*.7 H

3.1 H
•-

)1 .) *
17.1 «
13.4 H

41.4 H
11.0 H
47.2 M
lt.1 •
13.1 PI

1*.4 *
17 M

4.4 H
14.* H
14.1 M

0»t»
••t*r

01-23-1*43
OI-1*-1*41
01-13-1*4)
01-21-1*41
01-11-1*41

01-21-1*43
10-01-1*14
11-n-im
07-1»-1»4S
07-H-1»45

10-01-1*43
07-01-1*40

--
07-H-1I43

™

04-1«-1»43
04-20-1*43
01-23-1*41
01-21-1*43
OI-11-1941

07-33-1*43
«

0*-03-1*44
00-04-1*4)
07-21-1*41

1t)l
1*42

04-14-1*41
«

07-11-1*43

07-11-1*43
07-11-1*41

«
—
"

..
--

1*77
04-1 1-1** 7
04-17-1*17

12-11-1*71
04-21-1*17
04-24-1 f!7
04-24-1»«7
"

07-if_1fir
01-04-1*17

«
01-04-1 t!7
04-21-1*17

04-23-1*14
04-21-1M7
04-11-1**7
0*-23-t*S4
04-11-KS7

04-23-1tt7
~

04-27-1*14
04-27-1*14
04-)0-1*«4

04-10-1*14
04-30-1*44
07-01-1*14
07-01 -1*M
07-01-1*14

07-03-1*84
07-01-1*44
07-07-1*14
07-01-1*04
07-0*-1*I4

••r

f~.
—
~

3

4
21
10
—
"

11
ao

2
I

—
..
1

10
4

30

_.
--
11
23
—

~
<1
1

—
~

3
~
~
— .
~
_,
«
—
40
10

j
11
1

12
10

10
4
*

—
~

_
1
~
—

—

__
1*
••
—
~

__
..
~
~
~

..

10
~
—
~

--
~
--

.01

.01
~

.1
—
—

4.1
2.)
«

l.*2
~
..

.0)
«

4.17
—

._
••

.71
1.71

—

_.
«

.04
—
"'

4.1]
».
«
~
—

__
«
«

1
.**

.1)
--

.33
~
"

__
--

1.40
— .
"

._
«
--
«
"

..
~
~
--
"

„
--
«
—
"

..
.0'
_.
-•
--

(•lero-

90
10
--

220

100
140
410
7)
10

__
--

100
371
--

130
71
10

170
to

110
220
41
—

100

210
100
210
143
110

to
110
130
137
"

..
--
--

14)
74

1*
41

1*1
10

141

11
121
70

100
"

__
--
--
«
~

__
118
--
«
"

__
--
~
._
"

._
—
--
--
™

4.1
J.I
1.4
--

T.I

4.2
4.3
T.4
4.1
1.4

-.
--

t.4
t.l
"

4.4
t.2
1.1
)>4
1.7

I.I
t.l
i.t
--

1.4

1 «
t.7
7.4
).!
).»

3.1
t.7
«
--
"

..
--
«

1.3
4.7

4.1
1.0
).*
1.2
4.7

1.0
4.*
4.7
1.1
™

_ _
--
— -
«
~

_.
~
«
.*
"

_.
—
—
«
"

..
«
«
«
—

CH-10)1
10)2
10)1
10)4
1011

10)4
1017
1011
101*
1040

1041
1042
10*1
1044
1041

1044
1047
1041
104*
1070

1071
1071
107J
1074
107)

1074
1077
1071
1079
1010

1041
1011
1011
1014
1011

1014
1017
101*
ioa*
10*0

1091
10*1
10*1
1094
10tS

10*t
10*7
10*1
10*»
1100

1101
1102
1101
1104
110)

1104
1107
1101
1109
1110

1111
111!
nil
1114
111)

111*
tllT
1111
111*
1120



I.-- *•«•«•«• «f ••!!• —

CM-1111
1112
111)
1114
1113

111*
1117
1121
112*
1110

1111
1111
111)
1114
1131

113*
1137
lilt
111*
1140

1141
1142
1141
1144
114)

114*
1147
1141
114*
1110

1111
1112
11)1
1114
1111

115*
1117
115A
111*
11*0

11*1
11*1
1143
1144
1143

11**
11*7
11*1
11**
1170

1171
1171
1171
1174
1175

117*
1177
1171

i* 11T*
y 1110

/ \V 1101
'. ^ 1111

V A 11"
\\] £? 1114
V- V HI!
' ^\
; • j \ HI*
V 1117

till
ii«4
11*0

3*H11071]71*01
400027G71171001
I*»14C7)34I)dt
1*1711071)12201
1*1 70*071 301 *01

1*172I07))C9)01
1*5714071)41101
1*1711071)41701
1*571 7071) 50*01
1*5*0*071 3 51 101

)*)*0*C7)332001
)*5*3107)34)101
1*1*1 7071)42001
1*1117073141*01
1*1I44075111*01

1*11)40713)1701
)»)11507)1)4001
)*))))G75)53)01
1*)44«071114»01
1*5*12075)12101

1*9*11071)12701
)*5*1»07)1)0*01
400001079)4) )01
40000907)141101
1*1*41071343)01

1*1I1*Q71341»1
)*)731071111«01
l*l7l«Gr))))701
1*174107)310101
1V1701073310I01

l*4aoiC713C1001
1*1114071)41101
1*111*071141*01
1*1*51071114101
1*1*1)071114401

1*5711071411701
l*ItlOG71440M1
1V111S0714444Q1
1*113107)412*01
1*171)C7))14101

ltl)1*C7))42)01
)*)117071)14»1
1*1441071131201
1*14140711)1001
1*1434071)40101

3*34030711)4101
1*142*071121101
l*)140C7f)20101
1*1*1107)173701
3*111)07)373101

3*)*2IC71111I01
l*l*44e7))C4*01
)*5l3107))tC701
1*1114071111201
1*3«10075)13201

1*3*41075114401
1V1I13C71321101
)*)I11071)11301
l*5114C711*)ft01
)»55)107))«)*01

)*)41*07))«1*01
)*1411C7I111I01
1M427C7111243I
1»1103C79144701
A VI VI ACf 1 31Z3D1

1»)»1*C7)111»01
I*1*Z4C7)311101
1*1*1IC7111 If 01
**'» jI'H ji'joi
J*J»1»C7!)22401

0"it»r

ILLIOTT* H
OAIL1NCTON
ALLAN
OAVI)
CIPPMO

IIIMAN
MUM I*
ITATT
POTTHOP*
kINNia

MIIGNT
CtlMDALL
HARGAItTI'l
MARftARITA'l
JOHNSON

IULTIHIL1
9IVL1M
CM ION
TOUNft
TMI COMCIPT SCHOOL

DOTT
JOMII
1AMOCHVAL
•ILIHSRI
H1CRS

SMITH
HTITN LAAORATOIltl
MTITH LAIOaATQIItl
•••TOM OAVIS* INC
SARBONI, f

•eCORMICR
IIILt tAPTIST CHUICN
MILLIAN)
HaiNCiviCH
THOMPSON

MAOLIT, HALTII
HltllftLI
HAT, CNA*LI1 A
COLLIGAN
HISTTOWM SCHOOL

auiUAT
JAVNON
PACftlNMIT
PlttN OARS COUNTRf CLUI
CHISKT

filTTT STATION
OIVIR
GOLTI* •
OISAMTI
jew ij
I4IITINO
mtlOCI
HlICMCLT
CHIH
1A*ATIMI

»A»ILT OIMTAL GIOU^
PALOtl
SICUNOA
THON'SOM
TIGUI
1*1*11
bTLII
1PACINAN
HACOONIIILL
rniLIOIL'HI* IUIUIIIM HATH CO

PHILIOIL'HII 1UIUIIAN H4T|I CO
»HILAOfLPHIA 1UIUR*AM HATH CO
»MlL»OIL»HIt SUlliaiAM H4TI* CO
^HUADlL^Hll iutURtAN HATIR CO
^HlLAOILVNtA 1USURBAM HAT|R CO

Orlll*r

VlTiaSNIIM *IO».
tOMMll J. NTMS
IROOIOVt* HILL OILG. CO.
TMONAS ft. Ri*ll

—

—
THOMAS ft. Rlfll
•IOMOVII HILL OtLG. CO.
THOMAS ft. RIM!
THOMAS ft. RITll

RIMNITH L. HAOIOH
U

—
THOMAS ft. ttim
••OORO*II HILL OILG. CO.

—
MILLIAN CAMP II LL
HILL1AM CANPttLL

~
CALVIN 1. PONlLL

WILLIAM CAMMILL
«

•IOOKOVII HILL DALG. CO.
--

OIIILtNOIt 01 ILL IMS CC.

«
THOMAS G. RITll
THOMAS G. RITCI
THOMAS G. RITII
CALVIN 1. POHILL

_
•OHM I I J. MTIII

•-
HtLLIAM CMPftlL
THOMAS G. RiTit

«
—••
—

HILLIAM CAHPIILL

•ILLIAM CANPIILL
HILLIAM CAHPftILL
CALftN 1. POHILL

— .
•OMMII J. "tlH

TKOMAJ G. RtTIt
CALVIH I. POHILL
amtAHOii DRILL:NG co.
WILLIAM C AMU ILL
THOMAS G. lift!

•IOOROVIR MILL 0*LC. CO.
~

TNOMAS G. IITII
THOMAS G. tlTI)
THOMAS G. HTIt

—
THOMAS G. RITIS

~
—
~"

—
"•
•-

THCNAS ft. MTI1
THVMAS ft. RITII

THOMAS ft. RITII
THOMAS ft. KITH
THOMAS G. KITC^
THOMAS ft. KtTIt
THCMAI ft. KITIt

1*10
1*47
--

i*go
"~
—
i*ii
1*41
1*S1
1*11

1*11
"
»-

1*13
1*7*

«
1*4*
--

1*3*
"

1*71
1*13
1*70
1*40
"-

1*40
— •

1*13
1*41
1*74

im--«-
1*14
1*1)

-.
«
«
«
""

—
--
--
._

™

_.
--

1*11
--

1*71

—
--

t*7B
--
"

__
1*10
--
«
"

„
iai7--
1*44
—

_
«

«
—

W
H
H
H
M

M
H
H
H
H

H
H
M
U
H

U
M
H
H
M

U
H
H
M
M

H
M
M
M
N

M
M
H
M
M

M
y
y
y
H

H
H
H
M
H

U
H
U
H

"
y
H

H
H
U

y
y
H
H
H

H
H
H
«
T

T
T
T
T
T

H
It
H
M
H

H
H
H
H
H

H
H
H
H
H

H
H
0
"
H

H
H

H

H

H

H

H
H
H
H

„

H
H

H
M

H
H
H
H
H

H
M

M

H
H

H
H

M
H
H

H
H
H
H

"

H
H
fl
M
H

H

It

H
C
U

U
U
U

U
U

0001 • Pit
lOOMSCKA
400PLCGP
400PLCGM
400PLCGH

400'LCCN
400'LCCP
400PLCGP
400PLCGP
400PLC6P

400FLCG'
400PLCCP
4COPLCG*
400FLCCP
400'LCC*

400PLCCP

100H1CKO
OOQia'H
4QOPLCGH

10CUICRO
1COUICKO
loovscia
lOQWiCfcO

400PLCC'
400FLCCP
400PLCGP
400FLC6'
400PLCSH

400MPCGP
400'LCGP
40QPLCCH
4COPLCGH
400PLCGH

3CO«tCR4
300H1C1A
10CM1CRA
300HICKI
lOOylCKO

1COH1CRO
iOO'LCGH
kOOPLCGH
400PLCEH
fcOO-LCGH

400'LCCM
4COPLCGH
400PLCCH
laoHtcto
1COH1CKO

400PLCGP
400PLCG'
400MPCGP
40QPLCBP
400PLCGP

400'LCGP
400PLCGP
400PLCGP
100MICRO
400PLCCP

100HICRO
400'LCGH
100U1CKO
joowseto
4DQPLCG''

400FLCC*
*OC'tCG>
kOOFLCGP
*OC'LCt'
*30«'CCP
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1*klt J.-- *•«•*•*• •<

»««»«r

Ct-1401
1401
140)
1404
1401

140*
1407
1*01
140*
1410

1411
1411
1411
141*
1411

141*
1417
1411
141*
1410

1411
1412
1413
1414
1411

1416
1417
1411
141*
14)0

14)1
14)1
1431
1*1*
143}

141*
14)7
143A
141*
1440

1441
1441
1441
14*4
14*1

144*
1447
1441
144*
1410

? /\X14S1£f 1451
-^ 14)1
-, 1414

1*51

141*
14S7
141*
14$*
14*0

14*1
14*1
14*3
14*4
14*1

14**
14*7
144B
14**
1470

nu«fe*r

400044C734I1101
400044071410101
400041C734I0301
400104C73473101
400114C7I474*01

40C01*C714*0*01
4004S7C7))C0201

40C)Z3C7)4<3)01
400)1)07)4*1101

400)1*C71!C1301
4004*SC7)4I10Q1
40040107S4IS001
400)))C7147G101
400104C7144C001

400)10C7!414«Q1
400111C71442201
40C124G714*)*01
4001*107)4)0001
400)1*07)444701

400)))C71444201
400230G7141S401
4003)3C734S)401
400C30071444301
4Q012I071432401

400210C7)41)101
4001 47C7 )41 1*01
40041107)412301
40041 1C73431701
400347C71471101

40034*071471701
40044*071411001
40043 *C7 1*10801
400*14C71**COOt
40070*0714)1)01

40071107143)101
400721071441*01
40001707I1410Q1
3*1*1*071142701
3*1*24C71)4C001

400111C7ISC11Q1
40014107)474101
400114C7S4I4101
400311071410101
4003010714)C101

400214G7S434101
1V11I4C713I1001
)*)134C7)143301
)*3*3*G73174701
1*1*24C71371201

40003*07111310)
400040C71311401
1*1140071)13)01
1*))1*C7 1140001
)»"" 407 IK 1401

3*1712C7))1I702
1*»*41C7))«I101
S*)4)4C7)]70201
)*)14t 07)1)0401
3*3S)*07])2I701

3*110*073 >»1701
>*S10t0793*lB01
ItftOI C7))41*01
400)3307)4*1*01
*0042)07)4f)*01

40010707)411101
400333071471B01
40014*C7I472701
400)2007)470101
400*11C7)444B01

O.fl«r

1«TH, JIlOBf
iADLE
HONAAO* JOMN
CANALE* J
lALOftSTONr MILLtA"

CI6AS* ANORIu
HAIMIS' CHARLES
PONETIROCK LIONS CLUt
IATI1, J
OILLAR

SCHUL. ALIIRT
GRIPP1M* JAMIS
MOO* It- tOCRETT
TQUhH* JEtRT
fOMi.ll* C

6ROVI, COhRID
HARIINfiTON. *
CAtPENT|l, y
CULLfN. IUTM
OfNPSATr C

11*11* P
IT lit ft, w
STIWINS
STRINGER* f
CANKANICH* CHAS

MINIMI*, R
IITCNIT, I
HCOOHARO. ROBERT
•ESSNIR, CHARLES
•ALLACI* MURIEL

CAVIOSOM* LE1TIR
SARNECKI* PRANK
PINklCft* 3AV1D
MASOHr C
tttrrftr T

PUIIERRT* b
LILLS*- b
•ARCHIMSKIf I
RARSOHSi HERMAN
BIBALOA

TACGART. H1LLIAM
»ot6»<** ALLIH
HHITIMtMf JERIV
JI'FIIIlr OENNIS
TI46tI, (LHOOO

HALKIRr C
FHILAOEL'MIl SUBURIAN
9MILA8ELVHIA SUIItRBAH
rHILAOIL'HIA SUBURBAN
PNILAOELPrtU SUBURBAN

PMIIAOEL'MIA SUIUHBAII
PHILAOEL'HIA SUBURBAN
VHILAOILRHIA .SUWIIAN
VN|LABRL»H|A lUBUAIAN
PHILADELPHIA SUBUHAN

»HILAOEL»HIA SUBURBAN
'HILAOILPHlA SUBURBAN
PKILAOILPHIA SUBURBAN
•HUAOEL»HIA SUBURBAN
PHILADILPHIA SURUR*AN

'HILAOlLFHIA SUBURBAN
'NlLAOIL'HIA SUBURBAH
PMILAOELRHIA SUBURBAN
KHONITON* NARJORIE
SPRINGTOk HANOR

rifOAN. E
CARRf H.010
PILLIR* 'RIO
NOVRE* IOHARD
CAHPENTER* C

HATIR CO
HATtR CO
HATIR CO
HATIR CO

HATIR CO
HATIR CO
HATER CO
"II" 52HATER CO

HATER CO
MATE* CO
HATER CO
HATIR CO
HATER CO

HATE* CO
HATER CO
HATER CO

Orlll.r

MTERSHIIM BROS.
THONAS ft. KETIS
MTERSHCIN BtOS.
BROOKOVEI HELL 0»LC. CO.
THCHAS G. KETIS

MTIRSHIIM BROS.
MTMIMII* BROS.
PETERSHI1N BROS.
PETERSHEI" IROS.
"

»ITIISNIIM IROS.
MTEISHlIN IROS.
TMCMAS G. RITEI
MTERSHllK BROS.
PITM1MIIV BROS.

PtTEDHIlM BROS.
BRCOKOVER blLL &RLG. CO.
BROOKOVER HCLL ORLC. CO.
PETEISHEIM BROS.
BROOCGVEI KILL 9RL6. CO.

THOMAS G. KtTIS
THOMAS G. KETES
TNCNAS G. KETIS
ftTIHMlIfl BROS.
PETIRSMIXN BROS.

IROOKCVII HILL ORLC. CO.
THONAS 6. K(t»S
BtflOKOVE* HELL 0114. CO.
MTIRlHllH BROS.
MTERSMEIN BROS.

PITEHSNIIH BIOS.
THCNAS 6. KITIS
PITERSHI1M BROS.
»

RCTERSHIIM BROS.

THCNAS G. RITIS
IROOKOVI* HELL ORLC. CO.
MTIRSHEIM IROS.
VE1IISHE1M BROS.
•ARRT Lit NTERS

Lt>OT NTIRS
RETIISHEIM BIOS.
BtOOKOVIR HELL DILG. CO.
PITtRSnEIN BROS.
NAURICI 1. BROHN

MTIR1MEI* BROS.
THOMAS . RETES
THOMAS . KffTIS
THOMAS . KITES
THCMAS . KETES

THOMAS . IITES
THCNAS . KITIS
THOMAS . KITIS

— fSSÎ ĴftH ————
THOMAS . KETIS
THONAS • KITES
THOMAS . KITES
THOMAS . KITES
THCNAS • KITES

THONAS • KITIS
THOMAS • KEVES
THOMAS . KETIS

•»
FtTEISMlIR BROS.

PETIRSHlIM BIOS.
PITIRSHlIN AtOS.
PETERSNE1M BROS.
PETEK1HIIN BROS.
PETEISMIIN BROS.
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1*70
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1»*7
1*71

1f>«
1*4*
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1*71
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1*73
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0006RPC
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C"-117t
2172

217*
1171

217.
2177
217S
217*

1111
1111
111)

1111

111ft
2117
III*
211*
11*0

11*1
21*2
21*3
J1*4
21*1

11**

, 11*1
' 21**

2200

2201
2102
2101
210*
220)

210*
2207
2201
210*
221C

2111
1212
211)
121*
221)

211*
2217
2211
221*
222C

1221
1221
1223
2214
111)

122*
1227
2121
211*
2130

2111
2231
1233
213*
123)

113*
1137
21)1
223*
2240

Sit*

nu*»*r'

1*5*4)C7)*1C)01
315*4)071410)01
1*!M1C75*10?31
3*1101071*10702
3»lt02C75*107C3

1*110207141070*
1*110207)410701
1*5*0*C7)*3)001
3*5«0»C7)*3100I
3»1*0*C7)43)001

3*110*07)435004
1*1«0*07117*)01
)*)I2)C75572001
1»**I1C7S5IS501
)**«3):7s)mo2
)**7)5C75II3*31

l*t»41C7S>74231
394*(*C7))fl)01
*001I«C7)37)101

40C12*C7)1*C101
400110C751I5201
*0011*:7)3IOSOJ
*091*707)34*701
*OC12*07115C701

)*)E23C7)«1JJ31
400)11C7)2*1001
•.0032*C7)1<0101
400313C71341301
JV}7IOG7)3IT001

1*1*1)071111101
1*1*14071)11*01
l*S710C7)llfl>01
3f)7370T)31*«01
*00*1*C7)*Elt01

)*)A11C7)ltl101
1*5))*C713«1I01
*00217C75*52501
*0110*C713I3401
3*11210714*2701

1*))IBC7)*4I301
)*)1)1C7)*!1QQ1
3*133*071*32*01
)*)100C73411S013*)i))e7)4)i*oi
)*)1))C7)*13*92
400)0«7))*1)01
3»*31I075)7)»01
1*4*1*C7))E3001
3**120C7)«74701

400112C75112401
*0100*C7S)41001
)**35K7))t3101
1*440*07))«*101
3*4*17071)11501

400*2407)) 10301
t00400CT))C*001
)**I*1C7)*1100I
1*47400754*2101
3t)1t*C75*fl*01

1*)115C75**1001
3**72IC7*OG*a01
l*4*)*C71»)4t01
)*4»4 707*010 101
3»*I20C7)))*001

1*)))707)*20101
4011)107)430101
401117071*11*01
401 1*7675*11001
4Q111I075420131

Ouncr

•RAOFORO HATER CO
•IIQFORD HATIR CO
MtOCOtO UtTIR CO
M10FOI3 MITER CO
MAO'013 M*TII CO

4A*OFORO H1TIR CO
tllOFORO HATER CO
IRAO'OIQ W*TE« CO
ItiOfOtO W A T E A CO
MAO'ORO bATIR CO

H MAf>PORD wATIR CO
CAVANAUGNs JtMEl

IOROU6H OF OIFOR3
•OtOUSH OF OX'0*0

IOROU»it OF OXFORD
ICROUvH OF OXFORC
•040UCH OF OIFOta
IOAOUGM OF OXFORD
bit* MHITELAKD FIRI CONI>*NT

MAMEN BUICR CO.
FORTIRr »*IMTIR* AHO FORTIt
ARCO 6A1 STATION
IRCO 6*1 ST*TIDN
TUIIO Rt l tAACH INC.

IRAN01HINI 6RIENI UATIR CCMPAbt
UNIVIRSITT OF »ENfclTLVANtt
UNIVIDITT OF F|NfclU*l«II
•NILADILFNIA SUBURBAN
6ROCIRT STORI PRODUCTS

•ROCIRT 1TORI MOCUCT1
GROCMT (TORE FtOtUtTi
GROCERT STORI FROCUCTS
CIOCIRT STONE PRODUCTS
WILLIAMS* H

FCLANO* JAMI1
IRHtT. CHARLll

CUMT, J
GLA1CO« EARL

'ILLIR* LIVI
hOO*tR< GERALD
••ERRING* HALTER
JACRSOM* NILTOM
UPLAND DAY SCHOOL

UFL*ND DAT SCHOOL
LINCOLN UNIVERSITY
HUNTINGTONr DAVE
HCLSTONi *LWA
HI4VIR* H

FtNNTFACKf*, FITER
ITIUFFfl, 4
MATMER' F
oiFotg SUN CLUI
II»LI. S

HRIGHT< J
HASCHIR, HILLIAN
TURI1' •ICNARO
ATIRS* M
CHATAM NILLI INC

SHOINIKIR, •
HALL . C
OUJIT, R
LINCOLN UNIVIR1ITT

CROHLITr FttED
N1INI, I

SHITH< 0
ZIHNIR, F

Drill**-

•ROOROVIR hELL DRLC. CO
MOOKOVIR HILL ORLG. CO.
MOOKOVM HILL ORL6. CO.
••OOKOVIR hELL ORL6. CO.
••OOROVE* MELL 0*L6. CO.

••OOKOVIR HELL 9AL6. CO.
MOOKOVIt HELL Dtti. CO
•RGOKOVfR HILL DRLC. CD
••COKOVIR HELL ORLG. CO.
••CHOVIR WILL 9RLt. CO.

•IOOKOVER bILL ORL6. CO.
••OOtOVIR HILL 0*16. CO.
FITfRlHflM IROI.

RULON AND COCRr INC.
RULON AND COO*. INC.
TNCtAI G. RITIS

•ROOKOVIR HILL OILS. CO.
THCMAS 6. IITIS
THOMAS 6. RETI1
THOMA1 6. KTI1
THOMAS 6. RtTIS

THCNAI G. KITH

TNOMAS 6. RITIS
FITIR1HIIN 1*01.

•ITIBIHIIN tRQS.
FITIRINIIlt ••01.
FITIRIHIIM ItOS.

THOMAS «. RITES
THOMAS G. KITES
•IOOKOVIR HILL DRLC. CO.
OOUCLAt *. RIIGNIR
1. HAITI* SLAUCH 1 SONS

*. MALT I • 1LAUCH I SONS
R. HALTtl SLAUCM I 10hS
FlTEBlNIIr RROt.
THOMAS 6. RITI1
rtTIRtHII* IROI.

'ITIRSHIIK BIOS.
FITIRSNIJN ••01.
MAURICI E. MOWN
1. HALTER SLAUCH 1 IONS
1. HALTIR SLAUCH 1 SONS

THONAf 6. KITIS
DOUGLAS K. •IIGMIR
MAURICI E. BROHN
NAIfAICI 1. MOHN
MAURICE E. MOWN

MTfRlHIIN (ROS.
TMOMA1 G. KETIS
WILLIAM M. LAMBBBSON
*. WALTtl SLAUCH 1 SONS
R. HALTIR 1LAUCH t IONJ

I. HALTII SkAUCH t SONS
MAURICE 1. IROMN
MAURICE E. BROHN
MAURICE 1. MOWN
MAURICE 1. IROHN

THOMAS 6. RITES
HICHAIL KUSITR
MICHAIL KUIITK
DOUGLAS R. IEICNIR
FfTIRSNEIM BROS.

U

1 »*»
1*t!
l«cd
19*1

19*8
i **;
1*71
1*71
1*71

1971
1***
1*73

•>-
—

1«*t
.-

1»*7
1*47
1*71

19*7
1973
1971
1971

1*7*
_.
--

1**7
1*47

1*71
1*71
1*71

--

1*71
1 V*9
1*73
1**6
i»*r
1**A
1971
1**B
1**B
1***

1*«»
1«7S
1*73
1*70
1*70

1*71
1**7
1**l
1**B
1*70

1*73
1972
1*17
1*4*
1»*7

14*6
1*72
1*73
1*64
19*4

1970
1***
1*<7
1**9
197)
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JCOCCi*
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1COH1CKO
joo-mc
3CO"c»e
jCCyJUO
iacxscxo
3COU1C"
3COMitl»
100USCI*

ICOulCi*
3COtfJC*D
3COUH
ICObSCKO
3 0 0 M S C R O

1COHSCR9
IQOuiCXO
ICOHSCKO
300U1CRO
liTCfcSG

ITTLOCI
ITTLOU
3 7 7 C C K S

300«"»

300-SC«l
)77CC«1
171CLH
)"LOGI
4COFLCGF

*00*tti»
40DFLC6F
4COFLCGF
400FLCCF
OOCOI-Z

3COHSCIO
*OOFLCCF
0306RD*
211MHCK
300H1CRO

100M1CRO
100USCRO
3COM 1C 10
400FLCCH
lOOtTIS

I001TR1
4COFIKL
300WSCKO
100MSCKO
0001**N

OOOCIIR
I11BAC*
OOOSA'N
OOOIRFN
300HSCRO

0006 R OR
177CCRS
ICOUSCRO
100HSCKO
iOCFLCGM

400FLCGH
100 US CIO
300WICIO
300FIO
lOOuSCKO

100HSCRO
13tl(C(
211IRCR
231MNCK
231HNCK
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115
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lit
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1*6
41

140
1*7
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400
415
111
410
41*
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110
• 7
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400
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1*0
1**
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14?
175
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61
41

116
76

70
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140
100
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2*1
11*
*S
67
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13
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410
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670
SOC
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14C
121
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470
14C

111
32C
370
111
17C

120
160
21C
110
410

400
410no
410
110

140
11C
1*C
26C
!*0

3VO
140
44C
410
420

420
470
4*0
940
473

1*0
Z3C
140
400
itc
440
700
110
140
410

410
4iC
333
100
110
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700
14C
z*c
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01-ZI-U6B
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04-1*-1»4I
04-1I-H7J
04-1»-1**1
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0*-17-1*73
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217)
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21B1
znz
2111
2114
11BS

1114
2117
use
lit*
21*0

21*1
21*2
21*3
21*4
21*1

Z1*4
11*7
ZHI
71**
22CO

IZQ1
Z202
2201
1204
2101

2204
ZZ07
ZZOI
22CI
2210

1111
1212
2211
2214
121!

2216
2117
lilt
121*
1220

1ZZ1
2Z1Z
2223
1214
1211

2116
Z2Z7
2 2 Z B
Z22*
2210

lilt
2Z3?
2133
Z Z 3 4
1133

2134
1137
111*
113*
1240
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rivmmfr

Cf-13*1
till
1311
Z3I»
till

t3lt
1117
1111
til*
»>:
1191
13*1
1193
lift*
13»i

119C
2H»
11»!
13*?
1401,

1401
1402
1403
140*
1401

1404
1407
1401
140*
1410

1411
1411
1413
1414
141S

14U
*4ir
1411
1419
2410

1411
1421
1411
14J4
1411

141*
1427
1421
1419
1410

2411
1431
t433
1414
1431

2414
2437
1431
141*
1440

1441
1441
2443
1444
1441

144 4
1447
1441
2*49
1410

Itt.

HUB**'

401143CT1113001
401141C7S14I431
401117C7SI440C1
401110C71144001
40111ICril41701

O111IC71114I01
401C11C741S10D1
431144C711400C1
40C347C71I11401
40i:iIC7)153l01

431i]3*:7331!301
401040C7J311401
3tl934C714J1431
34I4C4:T13fOOOt
19}*01C7}lll40t

401012C714!07]1
19}|1*C71411101
l*1909C7I4!ltQ1
3?ll4C07l4*ttC1
191C14C7S4I1901

l*!421C7!4S4t31
403313C7I311331
19Stlt07SS4Z101
It 1439C7 1441431
4004IIC7S4C1731

403t09C7)14]I31
400T04C7134l*01
1*1111071171001
1*44COC7*OU*01
400301C7114I101

4003i*ori3tiioi
40011fC7S»3f01
39143J071410431
3*IC37C7I4niOt
39I711C73.II101

3«1*40GT!4«1701
400117C7I141101
400340CT3IC1101
400711C71110001
1*1I14C71}I4*01

3«S311C7I3«T701
400110C7) 141101
403I1*C71S11701
3)1744071471*01
400131C7I374401

401C11C713ZU01
400*1IC7S]<1*31
400417C71411S01
4001I7C71411101
391I11C714C140T

39S7t?07) 141131
400121C71111I01
400110C735I3I01
40112tC7Jlll*01
401210C71I11101

400111C7I1I)S01
1V4740C794 14101
400111071S41401
194«1*C711|4*01
1V4407C711I1401

400*11C753*1)0140040ic7iienoi
400*14071111401
400243C71K1I01
*oou.C7ji*sioi
1*1711071441131
403133071411*01
4001»07II1iaC1
»00**iC7Sl!J*Ot
19141*371171301

0*n*c

TtSO".* H S
h!4VII> J K
tilNIlL' • G
hlLIOh. • 1
CCLLlMl- C *

60*H4M« M
NOLIS
•fTIIS
TIL »*I »IIT KOMI
1UHMT tLO»l 0*I*T

SUNH» JLCPI 0*IIt
IUNM1 ILOU 0411*
HC^I '•*« IQUl*N(hT
•OCO'SON UlTIt CO
POCOPIOM HIT(« CO

VHOfT, J
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J77CCK1

OCOO'C

)J7ccm
CCOG*'C
! ;, *sc« •
5ui<»SCK*
U7CC«I

JftUWIC

!So« <
1 • . :\ i
;? ̂ f i
)77ii. •
O O O C C i

JCCIXCi
347CNSG
377CC»1
1COUSC**
OOOGIOK

211IRC*
211SCKN
OOOGIPC
J77CCKJ
SOOMiCiO

147CHIC
1COHSCKO
177CCH
Z31MCI
231t«CK

377CC«S
300U1CKO
S77LOGR
300UICIO
300U1CKO

OCOMIR
0004NRS
2311CKM
3COUICI1
300U1CK4

lOoricc
OOOGRPC
347CN16
1311CKN
300UIC10

IS



r
I I I I I O O I I I I ! i o i o i i i III h»i* O f-4 I O O i v> O

I l l l l I l l l lI l l l l I l l l l i : t ; : W l l l l I l l l l M * . I n u
• t i l l I l l l l O - 4 I V W 1

I *• Ml MB I I •••

i i i i I I I 1 ! ! ! ! ' ! 1 ' 1 1 1 1 1 i i i i , l i l t i i i t 1 1 1 1 1 - I I i a I •
I I I I •. { ( I l l I l l l l I I »«•» I l l l l I I I I 4 * I I I I I I I » I »»»<*» I l l l l -»»»» «,»<•»» » » i l » »*•. 1 » «••

!!!!! !!•_!! ! ! ̂  t ! !!!!• 111I B » I 1 1 1 1 1 i i i OKI -j i i i i i 1 1 1 1 1-<» •»» i i i i i i oww H->OBO o i oo loooo •

I l l l l l l w l l 1 1 0 0
I l l l l I I W I I !!•«

O - < O O O O

I l l l l I I I O M i l l
I I I I I I I I I III

II I I t I

* « CIOI

T i l I I I I I I I i > I I I1 1 1 1 1 ooo o -*— •«— — •*'•"!' *y* "I l l l l ^-t~i -t fm w-* *»!»*• l»w »
•
»•

un M i t ; : : - : :M MI

I I I ! ! ! ! ! I ! ! ! ! ! ! ! ! ! ° ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ' ! ! ! ! ! ! ! ! ' M ' 1 ' i ! 1 ' 0 i ^ i i i i 1 * 1 1 1 i i i - i i S iI t i l l I l l l l I l l l l I I I I 1 1 1 1 1 1 1 1 1 1 I l l l l I l l l l i l l i 1 1 1 1 1 i i i i t * l » i l l u i r - l i l i i i r f i t ^ i

I l l l l I I I I
I l l l l 1 1 - 1 1

I l l l l I I • • I I I I I I I I B
I I I I



I£ '•*!• 2." ••(•«••• «f ~ C*ntlnu«a

u«»*r

M-1441
1441
1443

rSfe-

Tfi*"144B
144*
2470

2471
1472
2471
247*
2471

2*7*
2*77
247R
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2411
2412
24*3
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1417
2411
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14*1
1**2
14*3
1***
14*1

14*4
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24*1
24**
2700

2701
2701
1701
170*
1701

270*
2707
2701
2709
1710

2711
1712
2713
271*
1711

1714
1717
271 i
171*
1720
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1723
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2717
1711
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3***14C71*)3401
400*33073113*01
1*4«24C714**001
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400424C733C4001
400313C73S40301
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3*111*071104101
4007UCT5J31101

400711075131101
40000)07)444101
3*3*51C7)*15401
3f3*4l07)4I)701
3*)»S)C7 1431001

400012073431301
400024071441101
400014C71444101
3*lfl>075**3401
3*1*47071444101

3*9l)>C714r)201
3*1*1107)471431
3*1*44C7)*«3101
3*1*3707)*<)*Q1
>»)*12C7)4«4301

400014C714I1701
3*I*3IC71441101
3*3*44C7)442101
3*1*3207)443701
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40001 7C7 14] 1001
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4001300733*4301
4001030711*5131
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*000)IC7)3I4«01

4000120753*1401
400C24C714C2401
4000)3C713*1I01
40001 2C7)41)401
40010IC713U101

'A1QUILE ' L
flASUT, A
fclLBlNSOh, LION
HAKQRA INC
'HItAOIl'HIA 1UWR»*N IUTIR CC

•KtLAOlLMI* SURURtlN MAT!* CO
PHILADELPHIA IURUR1AN MATH CO
PH(L*D||.PHI* {uRURRAN KtTO CO
UMCNLAN 1*f NUN AUTn
UUCNLAN »HP NUN AUTH

JOHNSON* PRIG
CHIMCLINI
PULLINS* CURTII
$U. PHILLI* t JOHN CHURC*
• MRNATMT

ILtVIN, EDHARC
• AC*
KETStONf HOOD TREATING
CCRTES SIHUEL
HOUOAK

NARTER, HARRT
CROUTHANIL' J1NIS
ING.LISIOE ASSOCIATES
INCUSIOt ASSOCIATES
INGLllXOI ASSOCIATIS

HUNP10N« SARA
HIHPILPINGII, RUTH
RutHiMoio* ROC-CRT
caets CUT HAH GARI
MftMlOU* JULIUS

flSCOGLIC. SANTI
POHIR-IPBAT CAR NASH
MATTMIH1, DORQTMJT
EVtNSr PRANK
1IIGLCR HAROLD

RAMCK. ANNA
IASH DONALD
RU*PO«D* tOtltT
RI6ENCR, JOHN
CDLLIN1, COtOILIA

*U«tll. CHARLII
S'AULOINt' JANIS
IfAMCO IMC
CMOC* JOII»M
OONAHUE, JACK

ligiR
*I*»*tCO* A6HII
RITNOLDS HITtLS CC
RC1LHAS, D
'HMRIDGI PIRH IHC

»f»PIHDCI PIRN INC
»I»»IR1DCC PIRN IHC
'IMIRIDGI PARH INC
•RftNDTHIHE HATER CO
T'l PUR INC.

T'l »UR IHC.
DO*»CO INC
CO»ACO INC
•ISTOMIt RONALD
1HIILIR* RATHONO

bATMLOO 6AROINI
IET1, I>RIO
r*»»|, CAROLINE
CI1IRAL CRU1HIO STONI
HA«IE, JANES

NltRIOH, IICHIRO
NATIONAL Rf-rlOOUCTI
COLON*. VINCtHT
'I»P(RIDGI 'ARM INC
PRECISION CRAPT

Driller

TNONA1 «. Hl»IJ
—
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••

T«HAS 6. KITES
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IULON ANO COCK, INC.
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._
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_>
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..
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TNONAl C. KITES

_.
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-.
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--
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3T7LDCI
3QOCCIT
300HSCK*
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4CO»LCC»
JCQfci tKO
4g(]PLttti
377LC5I
J77LOC*

377LOG*
371 (L»l
JOO*SC«0
347CN1G
3COCC«v

371CLB1
171IL1K
3CCHSC10
3C3HSCKO
Z31SON

2311CKN
377»HTH
3'7L9G«
IT7LOGI
I77VHTG

37T»HT6
JTTvNli
J77»NTC
377LOCI
ITlILtJI

1COHSCK1
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377*1*1
377LDCI
377LDGR

377VHTG
300USCK1
367CHSG
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377LOGI

377L06*
377LOC*
377KIRJ
177VNTG
377LOG*

3 7 7 C C K S
3t7CNSu
3T7LOG*
377VHTC
377LOSt

377LOG*
367CNSC
347CHSG
377LOGI
JA7CHSG

347CHIC
347CNSC
347CHSC
300HSCK*
3T7LOC"

377LDGR
177LD6*
347CNSS
377LDC1
317CNSG

J47CMS6
371ILIK
377LD6R
147CN1C
377LDG*
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C«-I711
1711
271J
171*
271»

173»
173?

j 1731
171*-his-
17*1
2742
1741
17k4
174J

1746
2747
2749
274*
2710

1751
27SI
1751
1714
271!

171*
1757
1711
271*
I7*C

17*1
27*2
1741
2744
17*1

17»*
»747
27*1
174*
2770

2771
2771
2'7J
2774
1775

177*
2777
2771
177 •
2710

1711
1711
2»«1
1714
1711

171*ir»7
1711
271*
17*0

27*1
17*1
27*3
17*4
17*1

27**
17*7
17*»
27»*
2100

l«*ntl«lciti*n
nv*t*r-

400100071311701
400042071111*01
!»!714C7I**2*01
40012SC75II1001
4001110711TI101

4DC117C71371101
400114QT1372101
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TELEPHONE CONVERSATION REPORTING FORM

ISSUE DATE

FILE NUMBER

RECORDED BY TELEPHONE NUMBER

97/-&&0
CALL Q TO

»FROM
NAME X) x-i

L&f&y (joe& /)MMS/CAL
TELEPHONE NUMBER

COMPANY DATE OF CALL

ADDRESS TIME
o P.M.

CONFERENCE CALL

y NO D YES (// YES, H3t conterws. conftrns company, etc. in notes.)
JOB NUMBER

CLIENT/PROJECT

SUBJECT

CONVERSATION NOTES:

0 fef- M* wtM

LC
ACTION/RESPONSE

RESPONSIBLE PERSON ACTION NEEDED DUE DATE

OOPIC3 T8.

OrdM No. 11028(12-90)

&**£-
(b) (4)
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PHEPAREDIIES3, PREVENTION AND CONTI.IGEriCr PLAH

BISHOP TUBE COHPAHT

FlIAZEII. PENNSYLVANIA

Prepared By

Reiouroe Management Int ' l . , loe

July 20, 1991

Update 3y

Bishop Tuba Conpany

October 1983
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BISHOP TUBE COMFAXr

PMIPAKEDHESS, PREVEITZON AHD COKTIROEIICT PLAH

TABLE OF COBTEHT5

description of th« .4aduitrial or
eo»»«rclal actlrity

OrganliKtlonml itr-
of tht PPC Plan

H»t«rial and vaate inventory
Plaat operation!
Material compatibility
InapeetlOD aad aonltorlag program
Preventive laiatenanee

Rouiekeeplnc prograa ;

Security

External factor*:

Internal and external cOBBunicatlone

Eaployee training prograa

Lint of emergency coordinator!

Outlet and responsibilities of the emergency
coordinator

Chain of command

Lilt of agencies to be notified

L~ •••̂ *T?K!̂ ','
|f:J*f̂ <.ijr. -*£., .;fijv̂  .'
J.Iij: •' •-'•' W-<5».-..;'•'

Evacuation plan for installation personnel

vlth energeney response contractors

AgreeKents with state and local emergency
response teams and hospitals

Pollution Incident history

Implementation schedule
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TABtE OF CQffTEIITS

Deicriptlon

SJt«

r*elllty Layout

Proecsi Idaotiflcatlon

Bulk Tank and Chtnleml
Storaee Area

Security

Flr« Hmia I»oeatloni

Outildt Hklnt*n*nct Cootr*etori 7-4

CoNptny 0»t«§ 9-2

Steurlty Guard Clock Station* 9-4

Dally In ipect lon LOR

Daily Inspect ion Instruction*

Weakly I n s p e c t i o n LOR

Vftek ly Inspect ion Ini t ruet loni

Security Guard Znetmctlonf for Dally Check* 6-6

Components for Preventive 7-2
M a i n t e n a n c e

Preventive Main t enance Acquired

II "Partial Copies
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SECTIOH 3

Material and jfaste Inventory

Material*, used at Dishop Tub*- Co rap air fall into the folloviax

categories:

1. oil» and lubr'.cants

2. draving compounds

3> lolrrnts/cleaners/thlnners

The chenlcal name, manufacturer and quantity used for each naterial

ire listed belov. The Material Safety Data Sheets are conplled

la a separate document. The respective page nunber la the docu-

ment Is included for reference*

Cheat cal Jlajie

Acetone

Al Drav J2

Anhydrous Anaonla

y ana fa eVu re r

East 'alls Chesdcal

H an e« 19 r t e r' s tab s

USS Aftrl-Chenieals D ir .

Apsx 205 Dravlng Oil ' A p e x Alka l i Products Co.

Apex Alka l i Products Co.

Calgon Corp.

Precision F in ish ing Cc.

Precision F i n i s h i n g Co.

Prec is ion F in i sh ing Co.

Rei l ly -Whi temen Inc.

Al^onqu in Chemical Co.

l letz-Sntec Co.

Apex t!5 Cleaaine
Conpouad

Calgon P-35T6

Chentrol /176

Cheatrol /229

Chentrol fkOO

Die Card Bl

Drav Compound flOO

Entec

10/83
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Entec 747

Entec 701

En tee 733

Freon T.F.

Fuel Oil 12

Oenetolv D

Hydrofluoric Acid
(70S)

Lube-A-Tube

Mobil Regular 10

Mobil Regular «0

Molub-Alloy 90

Molub-Alloy 170

HI trie Acid (Ii2*)

P.C, f5

P.C. f6lk

Perehlorethylene

Rochester Fornula
260

Ryeoaol 66

Ryeo*ol 69

Solnua 150

Sulfurlc Aeld
(Reagent)

Sunaplex EP GR992

10/81

• - .V-i.!"/*.*'*•• -'̂ feSs^5'j j i . s •*••'* ft'^'P25»*t
.̂.̂ f̂̂ .̂-u^ti^r

Quantify R«f*r«oc«
.. Pane __Manufacturer

Bets-Rntec Co.

Betx-Entec Co.

Betx-Entec Co.

E.Z. DuPont

Sun Petroleum Products Co. 375,000

Allied Chenlcal Corp. 24 * -u»/yr 35

Allied Chenlcal Csrp. 9,000 ffal/yr 26

0. Vhitf leld Richard*
Corp.

Mobile Oil Corp.

Mobile Oil Corp.

Imperial Oil and Grease

Imperial Oil and Crease

Allied Oienlcal Corp.

Hang*terfer's Lab*

Hanrsterfer's Labs

Vulcan Materials ?o.

Rochester Germicide Co.

Rell ly-Whiteir .an Inc. 5 drua/yr

R e l l l y - W h i t e m a n Inc . 5 dru»/yr

Tun Petroleum Produc t* Co. 1 drum/yr

£.1. DuPont deTlenours 5* Ib/yr

Hun Petroleuu Product* Co. 2 drum/yr

3-2
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. Quantity RafaraiK*
CheaUcal !!*•* Manufacturer Deed Pate |fo*

Svnicut 351 Sun P*trol*uai Producta Co. 36 drtaa/yr 56

Buaflaat 20V40 Son Petroleum Product* Co* 6 drusj/yr. 55

Trlcalorathylena PPG Induatriaa 20,000 gal/yr 59 t

OcooLubrlcant 700 Onion Carbide Corp. 20 gal/yr 62

Vydax A* E. I. DuPont deNenoura 330 gal/yr 64

Three (3) part* washera owned, installed and siaintained by Safety Kleaa

Corporation are located in the production area* (2) and Maintenance abop (1).

Solvent uaad la adneral apirlts and la transferred and recycled by Safety

• D.Aan mraannAl^**wwi* |̂ " PimuwA *

-.

The haaardotta waataa which have been raatovad fron this alte since iBnleawatatlon

of the •anlfvat eyataai an earth fro* a prerloua spill, *p*nt acid*, spent

acid rln*a water, acid sludge, spect TC1 and apent tranaforawr oil containing

PCI. Theee waatea hare been ehlpped for traatmant and disposal at approved

traataant and/or dispoaal facilltle*. The quantity of each ia recorded, and

•aalfeeta are retained at Bishop Tub* Co. West* acid pickling solution and waate

•eld rinaewatar am stored in outdoor storage tank* and removed rwo or three

* i . ~ ^ load* par weak by a llcimsed haiardoua waste hauler to a licenced wait* treatment
>
&:*-- '' \ facility for traatawnt and dlspoaal.

The rssHinder of th* wastes generated are contained in 55 gallon dnsa* Meting

D.O.T. specifications. Thaaa wastes have been analysed to peradt contracting

with paratittad disposal fim(a) for raanval and disposal or recycling whan

enough druaj* havs bean aeeuaulated.

The location of the uae of each •aterial Jtd the procaa* using th* *at< •• ; J, »r*

d**erib*d la Section 4, Plant Operations, and on Drawing No. 3, Pag* 4-4

10/83 3-3
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î 6:̂ 'V:l̂5Uw*.4,iffiff\:'-'*:'-w' '.'W'* •• '-M'.:.?*
1 ~3^*-f*fJ+ m^f,

cleaning operation and Bored to flnleh and tnepectlon (10) tt perform

neceeeary finishing and teatlng required by specification* for that order.

Defacta are cut out and the tubea are Matured and ataisped, then transported

to shipping (11) for wrapping and boxing.

welded pipe and tubing ia produced fro* atainleaa steal atrip by forming axv*

welding (9), annealing (6), straightening (7), trim and debtor (8), pickling

(2) and inspection (10) before going » chipping (11).

Son* ordera require auxiliary operations as follows:

1. Sandblast - Abrasive grit ia blown through the tubea under pressure

to clean the inside of tha tubes.

2. Spray lube - Liquid lubricant 1* sprayed into the tubea to prevent

gouging the inside oi tubes during a plug-draw operation.

3* Polishing - A pollster uses abrasive belts to move outside defecta

or reduce well thickness.

4-2
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The materials listed la Section

areas are described below. The
Process Area

1 - Veighout

2 - Pickle House
i

i

3 - Mechanical Pointing

4 - Mechanical Drawing

5 - Degreaser

6 - Annealing

7 - Mechanical Str*Ijhteni ig

8 * Trim. KCSK, Deburr

9 - Pom and Weld

11 - Finishing and Inspection

11 - Shipping

3 which are used in the respective process

process ureas are reference*! on Drawing Ho.3

Chemicals/Subs tances

No chemicals used

Pickle solution of nitric and hydrofluoric
acids in water.

Scrubber solution containing NaOR

Motor oil, 20W40

Motor oils, gear oils and drawing lubes
including:

Apex 205
Draw Compound 100
I*jl>e-A-Tii6e T210D
ir, re
1614 PC
Solnus 1*0
DU Cuai 1 84
.U Lr«v J2
Vydax *t
Freon 1? 'Genesolv D

Trlchloroethylene

Ammonia (minimal use) or hydrogen

No chemlcali used

No chemical! used

Rycciol 66 (lubricant/coolant)

Rycasol 69 (polishing lubricant/coolant)

No chemicals used.
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Material Compattbllltr

This section describes tha bulk process and storage tanka. Drawing Ho. 4

identifies tha locations of these areaa. All tanks, containers, valve*,

piping and containment* have bean designed to be compatible with material*

they will contact.

Tank *p«ciflcation* are a* follow*i

Bulk TCI Storage Tank

Capacity: 4000 giulona (64" Dla x 24* L)

Construction! Carbon steel, thickness 7 gauge, three (3) supports

of 3 inch pipe (one at each end, one canter) on concrete pads.

Transfer: TCE Is piped to the nain dagraasar via 1-1/4" carbon ataal
pipe. An in-line 1-1/4" 'enkina cut-off valve Is used la addition
to a locking cut-off valve, both at tha atorage tank.

Loading! Filling Is accomplished by an outside contractor through a
port on tha tank top. The port la locked when not in use.

Pickling Mass Water Sump Tank

Capacity: 12SO gallons (86" Dia x 45" R)

Construction! High density crosslinked polvolefln, 3/8" thick;
tank raata inside acid resistant coatad elnderblock and concrete
containment area.

, Transfer: Spent acid rinse water Is gravity drained from rinaa tanks
in tha pickling area to ttu- sump tank via a lined drainage fench
and 4" PVC pipe.

Spent acid rinse viter is transferred from tha sums tank to the
storage tanka via two pump* (on* operational, one standby).
Both pumps are constructed of acid resistant materials and are
equipped with automatic interlocking level controls.

10/83 5-1
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Pickling Rineewater Storage Tanks (2)

Capacity: 5600 gallons each (9*2" Dla x 12'3"H)

Construction: High density crosslinks* polyolefln, 5/8** thick; tanka
rest on compacted crushed stone and limestone fines. The two
tanka are interconnected.

Transfert Waste rlnaeweter lu transferred to tank trucks by an acid
resistant pump.

Note: Vaate fuse scrubber water containing caustic soda is also
stored In the waste rlnsewater storage tank*.

Spent Acid Storage Tank

Capacity: 4000 gallons (9* Dia x 9'H)

Construction: Carbon steel, 1/4" thick, open top, 3/32" Atlastaflex
(PTC) liner; mounted on concrete pad with angle ateel supports.

Tienafert Spent acid la pumped directly from the pickling tanka to
the storage tanka via 2" and 4" PVC pipe. The pusjp la of acid
resiatant material. The aame pump as for waata rlnsewater pumps
the waste acid into tank trucka for treatment and disposal.

Plant 8 BolUr Fu«l Oil Tank

Capacity: 20,000 gallon. (10' Dla x 34*21.)

Construction: Carbon ata«l, thicknaaa unknown

Loadingt Fillini !• accovpliahad by outalde auppllar through a port
adjacant to boiler roon. An open drua ia uaed undar th* filler
port to prevent epillage.

Plant 5 Boiler Fuel Oil Tanka

Capacity! 5*000 gallon* each (2)

Construction! Carbon steel, thickness unknotm

Loadingt Pilling la accomplished by outalde auppllar at loading ports
In the awcadaai driveway adjacant to the boiler roo«.

10/83 5-2
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Anhydrotia AaaMnia Storage Tank

Capacity! 8,000 gallons (84" Dla x 370nL)

Construction: Carbon ataal, shell-SA455B, .573" thick
heade-SA455A, .328" thick

Tranafert Tha ssssania is gravity fad undar preaaura (approx. 100 pai)
by a I1* carbon steel pipe to the aisMmia dlaaoclator for uaa in
tha annealing process. Locked shut-off valva: Located at tha
atoraga tank.

Loadings Filling ia accomplished by outside supplier into 2** fill
located on tha tank top. The filler port Is locked whan not
in uaa.

Mltric Acid Tank

Capacity: 4000 gallons (7* Dia x IS'L)

Construction: Stainless Steel Type 304L, 3/16" thick; two (2) -
ataal aupport aaddlas on concrete foundations.

Transfsri Acid la gravity fed via a 1 1/4", stainless ataal pipe
to tha pickle house and aetared Into the pickla tanks with PVC
valvaa at each tmk. A locked valva and a Mnual valva are
located at the atoraga tank.

Loading! Filling la by outside supplier through port on top of
tank. Fill line consists of three 90° albowa with internal
dlacharga above liquid level.

Vantingi A one-inch PVC pipe connects tha atoraga tank to a pickle tank
hood opening to tha finae scrubber.

Hydrofluoric Acid Tank

Storage Tank Capacity: 5100 gallons (81 Dla x 15"L)

Tank construction: Carhon steel, 1/2" thick shell and head; two
(2) atael support saddles on concrete foundations

Tranefar: Acid la gravity fed via a 1 1/1", teflon lined pipeline
to the pickle house and uetared to each pickle tank with PVC valvea.
A locked valve and a Manual valva are located at tha atoragn tank.

Venting: A one inch PVC pipe connects tha storage tank to a pickla
tank hood opening to the fuse acrubber.
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ll Capacity: 3200 gallon maxim- (33N U x 647**t x 3o**H)
2600 gallon operating

Construction! Carbon ateel, 1/4" thick; completely lined vith *
3/4" cement welded polypropylene tank insert.

Transfer: ?ickllng acid aolutlon la circulated through a heat
exchanger and/or to or from other pickle tanka by tha same
pump need to transfer waate acid solution to the atorage tank.

it Pickling tank (not currently used)

Capacity: 1600 gallon maximum (28"U x 420"L x 30"H)
1000 gallon operating

Construction: Carbon steel, 3/8" thick, 3/32" Koroaeal (PTC)
liner.

13 Capacity: 1450 gallon maximum (28" V x 401" L x 30"H)
1000 gallon operating

Censtructioni Carbon ataal, 3/8" thick, completely lined vith
Koroaaal (P7C) and carbon brick.

Transfert Same aa Tank II

14 Capacity: 1500 gallon maximum (29" U x 420"L x 29"H)
1000 gallon operating

Construction) Carbon steal, 3/8" thick, completely lined vith
3/4" polypropylene

Transfer: Same aa Tank fl

Ko substances are mixed prior to use in tha respective process areaa. In
tha pickling tanka water, HN03 and HF are Introduced in that order in accord-
ance vith accepted handling practices to produce the pickling aolutlon. Each
acid la introduced at a rate so aa not to produce potentially hazardous fumes.
Fumes ao produced are scrubbed by the packed tower fume scrubber in tha attic.

The raw aciJ, waste acid and waste rinscwater are currently atored In storage
tanks described above. In the near future it is planned to contain the storage
tanka area by means of a reinforced concrete floor, curbing and, probably, a
concrete sump, all lined, with piping facilities to both eliminate rainwater
into the stream (after pH teating) and to pump acidic spillage Into an undamaged
atorage tank or unused pickle tank(s) or into a tank truck.

10/83 5-4
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Pleas* printer typt » the unshaded areas only
tfill-in arm an tpactd for tliu typt. '.*., 12chmract»n/inch}. Form Approved OMB < It 75

?,EPA'
• U.S. ENVIRON MENTAL, PROTECTION

lENERAriNFORMAYlOl
Contotidatad Permits Program

id tft« "Central /rurrucfton*" before ttartfng.l

L EPA I.D. NUMBER

P A .D .0.8 .1:8 6. 8 3.• 0. 9l

VI. LOCATION

?Pe
•ASE PLAbE LABEL'IN YHisa!iA<

If • pftprlnttd label has been provided, affix
It In tha designated space. Raviaw the Inform-
ation carefully; If any of It Is incorrect, cross
through it and enter the correct data in the
appropriate fill—In araa below. Alto, rf any of
tha preprinted data is abeam ttht an* to tht
tuft of tha Imbti apaea Ifttt tht information
that thould appaar), pleaaa provide It In the
proper fill-In areaM below. If tha label Is.
complete and correct, you need not complete
Itamt I. HI. V, and VI fexccpr Vf-B which
mutt Ha compitnd raeanHaatt. Complete all
Hams if no label has bean provided: Refer to
tha intmjctlont for detailed hem descrip-
tions and for tha legal authorizations under
which this data is collected,; - .'T - t .• '•>

II. POLLUTANT CHARACTERISTICS

INSTRUCTIONS: -Conpfata A through J-to datamfna whathar you naad to submit any parmit applicatfon forms to tha EPA. If you ariswar "y«" ti any
question*, you must submit this form and tha supplemental form llstad In tha ptrmthtw following tha auattion. Uark^XT In Iht box In tha third column
If tha supplsmantat form ta attached. If you arawar "no" to aach quastion, you naad not submit any of thaw forms. You may answtr "no" If your activity
Is axdudsd from ptrmit rtouirtnmm; saa Saction C of tha instructions. Sat also. Saction 0 of tha instructions for definition! of boM-facad tarms, -r-^- :

î .v>>*>.̂ r-*' QUESTIONS

A. U this facility • puMtety owned traatmam works
• -Mrwhich results in • dhcharga to watara of tha U.S.?
,--f.-'(FORM2AI ..^

Ooas or will this fadlHy <Wtn*r txitting or propottdt
incduov a amaantiMBej - auMMl faatHna operation or
aquatic animal production facility whteh results in a
ifl»uh»Ba to waters of the U.S.? (FORM 2B) -

C, Is this a facility which currently results in discharges
to waters of the U.S. other than those described in
A or B aboveMfQRM &!

X
Is this a proposed facility (othtr than
In A or B aboval which wfll result in a dlachwgc to X

E. Does or will this facility treat, store, or dispose of
• hazardous wastesHFORM 3)

Do you or will you inject at this facility Industrial or
municipal affluent below tha lowermost stratum con-
taining, within one quarter mile of tha well bora,
underground sources of drinking water? (FORM 4)

X

G. Do you or will you inject at this facility any produceo
-. water or other fluids which are brought to th* surface

in connection with conventional oil or natural gas pro-
.,.: duction, inject fluids used for enhanced recovery of
>'oil or natural gas, or inject fluids for storage of liquid
' hydrocarbons? (FORM 4 ) • • - . • •

X
Do you or will you Infect at this facility fluids for spe-
cial processes such as mining of sulfur by tha F retch
process, solution mining of minerals, in situ combus-
tion of fossil fuel, or recovery of geothermal energy?
<FORM4» >A V.V- .V . • ' • "

I. Is thit facility e proposed stationary source which is
. .r.one of the 28 industrial categories lilted In tha In-

gjnructions and which>witl potentially emit 100 tons
" r,iyccr'6f any ̂ air*pollutant regulated under the
lean Air Act and may effect or b* located In an

'attainment area? (FORM 5) "*«wr»w*- -•*.—*".-•

X
Is this facility c proposed stationary source which is
NOT one of the 28 Industrial categories listed in tha
instructions and which will potentially emit 250 tons
par year of any dr pollutant regulated under tha Clean
Air Act and may effectorj* located in an attainment̂
area? (FORM SI " " ' ' ""~

m. PHONC (ana cod* A no.)A. NAM* at TtTLK {tmt, ftnt, A Uttcl

1 5 6 4 7 3 4 5 02 J M . O . L . E . T O.Nj D A . V I D .P R O J E C T EN G I N E E
V. FACILITY MAILING ADDRESS

VI. FACILITY LOCATION
A. BTMKKT, HOUTSI NO. OH OTHER StPKCIFIC IDENTIFIER

R . T . 3 . 0 . &. . M. A. L. I. N. .R .P..

C H E S T E R ^
.-.i. •_ C. CITY OR TOWN

F R A Z E R
EPA Form 3510-1 (6-801



CONTINUED FROM THE FRONT
VII. SIC CODES 14-digit. In ordtr of priority*

ftpfd/jrf
STAINLESS STEEL TUBIHH NON-FERROUS TUBING' -

VIII. OPERATOR INFORMATION
a.̂ U ttM own* lifted In

Tt»mN

O

ii i i i i i i i i i i i i i i i i i i i

B I S H O P T U B E C O .

c. STATU* OF OFMATOII (Enter fft* «pproprit«t tolMr
-FEDERAL

S- STATE
P - PRIVATE

M - PUBLIC (ottitr than frdirai or MM*

r I I _T^ I T I I T 1 I T | | | 1 T
R O U T E 3 0 & M A L I . N R D

IX INDIAN LAND
II i i i i i i I 1 | I I I i I > I 1 I I I I Is th« facility tocattawttliidiaA lands
.R A Z E.R

X. EXISTING ENVIRONMINTAL PERMITS
A. NPOH (Dischartt* toSurfae* VWtr^ «, P»D t Air Emimtetit from Frop*9iaSo*fCt*)

i i i i i i i i i i i i
p A 0 0.1.3 6.4.1

•. uic (Underground Jnftction offtuUi^M^iio

Attach to this application a opograp
the outline of the facility/ tha location of each of jtt existing and
treatment, storay, or disposal f̂ vilti,eia^^
water bodies in the map area. Sea Instructions fttf>riritJaf|uir«ii»nt«L

, - " * . • •• •*•*- . — * - . . . • r- : " . ' * ' ' - -*•- u ^.W

property boundaries. Tha map must. thow
anddischargc structurw, each of its hazardout

XII. NATURE OF BUSINESS (providf* briff dacription

Bishop Tube produces welded, and seamless tubing, comprised of stainless steel,
titanium and nickel based alloys.

Sworn tpnd *•• :cfore mtf

0661V? MOJew eejidxa uoresiiuuioo AH
•03 JdlSOlJO ' <J«i PUBIWIIMM JSB3

«.i'v- ^ <IBIOM Ntfl'JMOB AHHVH

XIII. CERTIFICATION (*• imtntctiont)

//K u/ietor penalty of law that I hav* personally axah^inad'"a'famttlar^^^ In this application anda
attachments and that, bated on my Inquiry of those persons trwnerfataty f9$pon*lble for obtaining tha Information contained In
application, I believe that tha information It true, accurate and complete, tfrn aware -that then are significant penalties for submi
false information, including the possibility of fine and fcvrtBflinM£$£j»0^, . . ' - ' • ' ; » . » *'̂ p^Jifti*̂ ĵ 4fr*ijB*i'«(**jy|ftj- ^>|)ifI*L **-i ̂ t f t^ ••! . t _ - ' t-\ . ..\ f T .. * • ^.v * <<Ff .• ff ̂ .'
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th« »ai only.

CPA I.D. NUMStl. . . .'

PAD 081868309
',V«m Item I at Form I>

form . 1 S3- H0 173

&EPA
U.S. ENVIRONMENTAL PROTECTION

APPLICATION FOR PERMIT TO DISCHARGE WASTEWATER
EXISTING MANUFACTURING, COMMERCIAL, MINING AND SILVICULTUR

Consolidated Permits Program
AT1ONS

L OUTFALL LOCATION
For MCh outfall, lilt the latitude and longitude of its location to the neareit 15 second! and the name of the receiving water.

A. OUTPALL
NUMBER *. LATITUDE C. I_ONC)TUOE

O. RECEIVING WATER

SXL .IQ. .LL 32 T.TTTT.F VAT.T.FV HRFKK

II. FLOWS, SOURCES OP POLLUTION. AND TREATMENT TECHNOLOGIES,
A. Attach a line drawing showing the wattr flow through the facility. Indicate tourcM of intake water, operation! contributing westeweter to the effluent,

and treatment unit! labeled to correspond to the more detailed descriptions in Item B. Construct a water balance) on the line drawing by showing average
flows between intakes, operations, treatment units, and outfalls. If • water balance cannot be determined fc», nxcertam mining tetiviOMt. provide e
pictorial description of the nature and amount of any sources of water and any collection or treatment measure!.

B. For each outfall, provide a description of: (1) All operations contributing wastewatar to the effluent, including process westewater, unitary westeweter,
cooling water, and storm water runoff; (2) The average flow contributed by each operation; end (3) The treatment received by the westaweier. Continue
on additional sneets if necessary.

i. OUT
PAL. I. NO

1~ OPCftATIONIS) CONTttlBUTINO FLOW 1. TREATMENT

•. QPIHATION tllftf
b. AVCNACC FLOW

(include unitti a. DESCRIPTION
LIST CODES FflOl

TABLE ZC-1

001
I Non-Contact Cooling Water
Cooling Water _______
Run Off

N/A

60,038/GPD

OFFICIAL USE ONLY ftrflucr



•t-ompMtt Mt* following fabJ*/ . ' (//)

t. OUTFALL
NUMBER

flat)

2. OPERATION^; • • • • • • • •
CONTRIBUTING FLOW

fl̂

III. MAXIMUM PRODUCTtON^̂ ^̂ ^̂ ^̂ ^̂ ^̂ H

3. FREQUENCY

a. DAYS
PEW WEEK

fipteify
df«ra**;

BBB

b. MONTHS
fmn VCAM

(ipteify
av*nt*l

a^H

4. FLOW

•. FLOW A A T C
tin rnfdj

lê BH^^^^^PM

, b. TOTAL VOUWMC
(itHClfy with unit*)

*W \

^̂ n^̂ lB

DAII.Y

^^^^^^^^^^^H

• ' .
C. OUR.
ATION

(in daytl

aBB
A. Don an affluent guideline limitation promulgated by EPA under Section 304 of the Clean Water Act apply to your facility?

Qvc*feompJ«f«/tem-/I/-B> - " -fc^HQ <to to Stetlon IV)

w the limitations In the applicable affluent guideline expressed in terms of productton (or orter m*eew» of optntiotil ? _ . . . —
•—— Qrw feomptete /tern ///-CJ QNO ffo to 5««flon IV)

C, If you answered "Ye»" to Item lll*Br lift the quantity which represents in actual measurement of your maximum level of productton, expressed in the terms
and units used in the applicable effluent guideline, end indicate the affected outfalls.

1. MAXIMUM QUANTITY

•. •UAWTITT b. (tptcify)

Z.
OUTFALL.*

(lift outfail num6*ra)

A. Are you now required by any Federal, State or local authority to meet any implementation schedule for the construction, upgrading or operation of waste-
water treatment equipment or practices or any other environmental programs which IT ty affect the discharges described in this application? This includes,
but is not limited to, permit conditions, administrative or enforcement orders, enforcement complience schedule letters, stipulations, court orders, and grant
or loan conditions. r-1 —— te0mpttt* th* following tatito 3H NO (go to item IV-B)

, IOKNTIPICATION Of CONDITION,
AORKMCNT, ETC.

2, AFFECTED OUTFALLS

~"- ._

3. attlCF OKSCftlFTION OF PNOJCCT
4. FINAL COM*
PLIANCE DATK

•. •«-
aUIHKO

& rmo~

. OPTIONAL: You may attach additional s'wmidbiCftbinij <iny «dcJ,fomii water pollution control programs (or otttmr snvironmenttt projtcn which may tf fact
your tfitehsryftl you now have unjerwey or wmch you 013; . re c.ne whether each program K now underway or planned, snd indicate your ectual or
planned schedules for construction. ^££JMA«K -x- IF D«SCH.I*TION or ADDITIONAL CONTROL PMOGAAM* is ATTACHED

A Form 3510-2C 16-601 PAGE Z OF 4 CONTINUE ON PAGE 3
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CONTINUED FROM PAGE 2

i.O. NUM»M<copy from lt*m I of Form 1)

PAD 0818683309 form Approved OMB No. 1S3-R0173
V. INTAKE AND f "FLUENT CHARACTERISTICS

A. I. ft C: SM instructions before proceeding — Complete one eat of tablea for each outfall — Annotate the outfall number ia>fthe space provided.
NOTE: Tablw V-A, V-8, and V-C are included on Mpereta sheets numbered V-1 through V-0.

D. Uaa the apace below to Hit any of the pollutanti lined in Table 2e-3 of the instructions, which you know or have reason
discharged from any outfall. For every pollutant you list, briefly describe the reaaora you believe it to be present and

is discharged or may be
analytical data in your

I. POLLUTANT a. 10 u MCE I. POLLUTANT ,2. sound

N/A

VI. POTENTIAL DISCHARGES NOT COVERED BY ANALYSIS ________________________________________________________
A. Is any pollutant listed in Item V-C a substance or a component of a substance which you do or expect that you will over tha next S yean use or manufacture

« an intermediate or final product or byproduct?

Q YM (tot alt tueh potty font* t»lout) SB NO (go to /f*m Vt-Bt

8. Are your operations mch that your raw materials, processes, or products can reasonably be expected to vary so that your discharges of pollutants may during
the next 9 years exceed two times the maximum values reported in Item V?

YM (camper* Ittm VI-C b«lou» NO I go to Section VII)

C. If you answered "Yes" to Itam VI-B, explain balow and 'describe in datail tha sources and expected levels of such pollutants which you anticipate will be
discharged from seen outfall over the next S years, to the best of your ability at this time. Continue on additional ihaets if you need more ipaca.

EPA Form 3510-2C (6-80) PAGE 3 OF 4 ,3=) CONTINUE ON REVERSE



CONTINUED FROM THE FRONT
VII. BIOLOGICAL TOXICITY TESTING DATA

Do you hava any knowriacaja or niton to Ml** that any biological tan lor acuta or cnronie toxicrty hai Man mada on any of your ditcnargat or on a
racaivjng vwtar In raJatioti to your dlacharga within tha last 3 yaan? .. . *

Q VM (identify Ma «nfM and rfmertaa thmif purport Worn) fa Sactfon V7TO

VUI CONTRACT ANALYSIS INFORMATION
Wart any of tha anatytatMponad In lt*m V parformad by a contract laboratory or consulting firm?

m VM fill* Ma name, addrtm. and (atepAona number of,
. aaaA «MA Ja«orotory or firm below)

1151 S. Trooper Rd.
Norristown, PA. 19403

(215)666-7404AGES Laboratories

(See AGES analytical report

HARRY ECKMAN.

My Commission Expiiw
Chester Co
March 27.

IX. CERTIFICATION
•^V^M————B^^HA^-l^ta-fel^.^M

/ certify under pena/ty of law that I have personally examined and am familiar with the information submitted in this application and all
attachments and that, based on my inquiry of those individuals immediately responsible for obtaining the information, I believe that the in-
formation is true, accurate and complete. I am aware that there are significant penalties for submitting false information, including the
possibility of fine and imprisonment.

B. iM-tONt NO- (area code it no.)

(215) 647-3450
D. DATE SIGNED

11/12/87 .
PA Form 3510-2C (6-601 PAGE 4 OF 4

(b) (4)



PLEASE PRINT OH TYPE IN THE UNSHADED AREAS ONLY. You may report some or all of
this information on icparate sheets (use the same format) instead of completing these pages.
SEE INSTRUCTIONS

EPA I.D. NUMBER (copy from /tern J

>AD 081868309

V. INTAKE AND EFFLUENT CHARACTERISTICS (continued Irom page 3 of Form 2 -C) ^jJJ^^S^SS^^SSiS'i^MSi^^Si^^K

PART A • You must umvuic the results of at least one analysis

1. POLLUTANT

a. Biochemical
Oxvsen Demand
(BODt

b. Chemical
OxVSen Demand
(COD)

c. Toial Qrg«mc
Caibon (TOO

d. Tout Suspended
Solids (TSSt

•. Ammonia (if N)

1. Flow

a. T*mpe<atur«
(winter)

h. Tcmparatura
(in miner t

\. pH •

2.

a MAXIMUM DAILY VALUE

<> i

5.

4.

11.

7.

\t\ MAfaft

1.91bs.

1.91bs

1.91bs.

1.91bs.

VALUE

60,038 GPD
VALUE

16.1
VALUE

26.1 7"'r
MINIMUM

6.0

MAXIMUM

of Form It

i '• . :
Form Approved OMB No. 158-R0173- •

'&$&&^£
X&8S&I&. ai&mmmif>*2n '

for every pollutant in this table. Complete one table for each outfall. See instructions for additional details.
tFFLUENT

b. MAXIMUM 30 DAY VALUE
(if ffluatloDii'J

(0

VALUE

Ul«*»

VALUE

VALUE

MINIMUM MAXIMUM

C.LONG TERM AVPG.
(if available)

VALUE

CDMCeJiOitATioM |0**»

'

VALUE

VALUE

VALUE

Tlx^

0. NO. OF
ANALYSES

1

1

1

a. UNITS
(tpecify if blank)

a. CONCEN-
TRATION

nR/1

ne/1

aK/1

•c

b. MASS

?ie ibs
7.6 Iba

7.6 Ibs,

"C

STANDARD UNITS

4. INTAKE (optional)
a. LONG TERM

AVCRAKF \t*l.tlf

C C W '*' *"**

/day

/day

/day

VALUE

VALUE

VALUE

fa. NO. OF
ANALYSE*

Î̂ xd^
PART B • Mark "X" in column 2-a for each pollutant you know or have reason to believe is present. Mark "X" in column 2-b for each pollutant you believe to be absent. If you mark

column 2-a for any pollutant, you must provide the results of at least one analysis for that pollutant. Complete one table for each outfall. See the instructions for additional
details and requirements.

1. POLLUT-
ANT AND
CAS NO.

(if ovoitabUl

a. Bromide.
(24959 67 9}

b Chlorine.
Tojaf Ratidual

«**.
d. Facal
Coliform

a. Fluor Ida
116984488)

f. Nltma-
Nltrltafoj ATj

2. MARK 'X'

a .t

it ;.;

X

b ui

it HT

X

X

X

X

JEPA Form 3510-2C 16 80}
•fc

a. MAXIMUM DAILY VALUE bl M*J

(0

(0.39 1.9 Ibs.

See attached analysis

3. EFFLUENT
(IMUM 30 DAY VALUE C.LONG IER

tif availaolt) ftf a

«L*.t0« W-*» COHCcJV-AT.O

4
M AY PC. VALUE ^ .
uaUablsT *

PAGE VI

|l| MAX \

UNITS 5. INTAKE (optional)

?*?* • CONCEN- K MAS
"j*^ TRATIOH tt MAS

a. LONG TERM , „_ _.,
AVERAGE VALUE î*.0:?'

: ~ - J ^
• '"" *t

1 mg/l7.6 Ibi ./day

CONTINUE ON REVERSE



lltM V B LONIINIJfcO FHOM F-RONT

1. POLLUT-
ANT AND
CA5 NO.

(if available)

Total Organic

h. Oil and
Oraaaa

1 •hoaphorut
(o* Ft, Total
(7723 14 O)

2 MAHK 'X'

a. •*
-IBWX -ICtf *O

111-

X

X

X
J. Radioactivity
(1) Alpha,
Total

121 Bata,
Total

(3) Radium,
Total

(4) Radium
226. Total

k.Sulfata
fa* SOjt
(14806 798)

1. Sutfld*

m. Sulflta
{at SO j i
(1426545 3)

n. Surfactants

o. Aluminum.
Toul
(7429905)
p. Barium,
Total
(7440393)

q. Boron,
Total
(744O428)
r. Cobalt.
Total
(744O- 48-4)

•.'Iron, total
(7439496)

t. Magnatium,
Total

^743996 4)
u. Molybdenum,
Total
(7439 98 7)

Total
17439 96 6) •

w. Tin, Total
(744031 5)

x. Titanium,

•

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

3} LUENT

a. MAXIMUM I

-

3AILY VALUE. 6. MAXIMUM XHf aval
M

,

C.LONC TERM(If ova
(•)

WtBF VALUE d. NO. OF
ANAL-
YSES

' -

- -

-

4, UNITS

a. CONCEN-
TRATION

-] ^

b. MASS

- ' , . -

. . ' . -

5. INTAKE (optional)

J
~

•T-

0. NO. OF
ANAL-
YSES

•

* *

EPA Form 3510-2C (6-80} PAGE V-2 CONTINUE ON PAGE V • 3



^
CONTINUED FROM PAGE 3 OF FORM 2-C

ERA I.D. NUMBER fcopi . m Hem 1 of Form It

PAD 081868309

OUTFALL NUMBER

001

» *

Fotm Approval OMB No. t58-ROt73

PART C • If you arc a primary industry and this outfall contains process waste water, refer to Table 2c-2 in the instructions to determine which of the GC/MS fractions you must test
tor. Mark "X" in column 2-a for all such GC/MS fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols. If you are not required to mark
column 2 a (secondary industries, non-process wastewater outfalls, and non-required GC/MS fractions), mark "X" in column 2-b for each pollutant you know or have reason
to believe is present. Mark "X" in column 2-c for each pollutant you believe to be absent. If you mark either columns 2-a or 2-b for any pollutant, you must provide the re-
sults of at least one analysis for that pollutant. Note that there are seven pages to this part; please review each carefully. Complete one table (all seven pages) for each outfall.
SC-L> instructions for additional details and requirements.

1. POLLUTANT
AND CAS
NUMBER
(if available)

2 MARK 'X'

1* Tt It
IHC

OUIH

ll Ul
1.11 VIL

It -«t

C. •»•
Llk VCL

*••
ttNT

3. EFFLUENT

a MAXIMUM DAILY VALUE

10

METALS, CYANIDE, AMD TOTAL PHENOLS

tM. Antimony,
Total (7440 36 O)

2M. ArMnic. Total
(7440-38 21

3M. Baryltlum,
Toul. 744041 7)

4M. Cadmium,
Total (7440 43 9)

5M. Chromium,
Toul (7440 47 31

6M. Copper, Total
(7S505O4)

7M. Laad. Total
(7439976)

8M. Marcury, Total
(743997-6)

9M. Nkkal. Total
<744a020)

10M. Salanium.
Total (7782-49 2)

11M. Silvar. Total
(744O-22-4)

12M. Thallium.
Total (7440 28 0}

13M* Zinc.' Total
(744&66-6>
—— i, ——————————

14M. Cyanld*.
Total (57-12-51

16M. Phanolt,
Total

X

X

X

X

X

X

X

X

X

Y

X

X

X

X

X

(i) *•*••

b. MAXIMUM 30 DAY VALUEtit ouailuote 1
hi <ij -«.»

C-LOHGT^JM^^. VALUE

(<l U) ••*>*

OIOXIN
I.3,7.BT«lf« 1
ihlorodibtnzo P- 1
)io.in (176401 6)| X
iPA form 351&2C (6-80)

dNO.OF
ANAL-
YSES

4. UNITS

a. CONCEN-
TRATION D. MASS

9. INTAKE (optional)
•. LONG

AWERAG
(t) COMCMN-

TEHM
VALUE
(l) UA«*

ti.HO.OF
ANAL-
YSES

if: ———

3

DESCRIBE RESULTS

PAGE V-3 CONTINUE ON REVERSE



a

1. POLLUTANT
AND CAS
NUMBER

(if UKUtlM (/!(•;

GC/MS FRACTION
IV. Acrolein
(107 O2 8)

2V. Acryloniuile
(107-13-1)

3V. Q*niene
(71-43.2)

4V. Bit (Oiloro-
methyl) Ether
(642 48-1)

5V. Bromoform
(75-25-2)

6V. Carbon
Tetrechlorlde
(&6-23-S)
7V. Chtorobenzene
{108-90-7}

8V. Chlorodi
bromome thane
(12448 1)

9V. Chloroeihane
(760X13)

10V. 2-Chloro-
ethyrvlnyl Ether
(110-75-6)

11V. Chloroform
(67663)

12V. Dlchloro-
bromo me thane
(7527-4)
13V. Dkhloro-
d it luorometha ne
(75-71-8)

14V. 1.1-Dichloro
•than* (75 34-3)

16V. 1,2 Oichloro
ethane (107-06 2)

16V. 1,1 Dichlofo
•lKyl«n« (75 35 4)

17V. 1.2 OichlO'o
propan* (78 67 b)

18V..1.2 Dichlo'o-
£|Opv1*n«
(9427561

'1QV. E trtylbwni«n«
(10O41-4)

20V. Methyl •'
Bromide (74-B3 9)

21V. Methyl
Chloride (7487 3)

£ MAHK x | (- tFKLUENT /

fe?
JSt
_vo

h *4.-
L(« WKG

CMl-
i««l

^•*J e. MAXIMUM DAILY VALUE

""M^^.W-....^
LATILE COMPOUNDS

X

X

X

X

X

X

X

X

X

X

X

X

Y

X

X

X

X

X

X

y
EPA Form 351&2C 16-801

HI-...,

b. MAX it 30 PAY VALUE
p.. ^vailiiblcl

lit |,|«..»

C.LONG TERM AVPP VALli
(if available I

I'l

*

!.)-*«

PAGE V-4

NO. OF
ANAL-
YSES

4. UNITS

a. CONCEN-
TRATION

i

•

b, MASS

9. INTAKE (optional/
* LONG

AVER AC
|l| COMCBN-

TKATIOM

TERMVALUE
|t) M*it

;;^

NO-OP
ANAL-
YSES

.J
P '

CONTINUE ON PAQE V-



je PA i.o. NUMBER («<(, ->m Item i of Form It

CONTINUHDFHOMPAGE V-4 I PAD 081868309
1. POLLUTANT

AND CAS
NUMBER
(if available)

2 MARK 'X*

4 1> IT

«tt

b •*-
11 V*t
r*n-
t* H(

C. •(-

*••
• •HI

3. EFFLUENT
*. MAXIMUM DAILY VALUE

i-1 I.)""

GC/MS FRACTION - VOLATILE COMPOUNDS (continutdi

22V. M«ihyl«ne
Chtorlda (7509 2)

23V. 1,1,2,2 T«U»
chJoroath«n«
(79 34-S)

24V. T«U*ch1oro-
•thyUn* (127 184)

26V, Toluene
(108-88 3)

26V. 1,2-Tr.n.
Okhtorovthy l«w
(15660-5)

27V. 1.1,1-Trl-
chtoroethin*
(71-65-6)
28V. 1,1,2-Tr|.
chloroeth*rM
(79-0&5)

29V. T'lchloro-
•thylww (79-01-6)

30V. Trlchloro-
fluorofnvthan*
(76694)

3W. Vinyl
ChlorkM (76 01-4)

X

X

X

X

X

X

X

X

X

X
GC/MS FRACTION - ACID COMPOUNDS

1A. 2-Chloroph«no
19857-fi)

2A. 2.4-Dkhloro
ph»not(UO-832l '

3A. 2.4 Dimethyl
ph«nol (1056791

4A. 4,6 Dlniuo O
Cr«Ml(S34S2 1)

5A. 2,4 Olni^ro
phenol (51-28 5)

6A. 2-Nitn>ph*nol
18*766)

7 A. 4 Ntuoph«nol
(10002 7t

8A. r-Chloro M-
Cf«iol(59SO-7)

fiA. P«nuchloro-
pfianol (87465)

10 A. Phenol
(108 95 2>

11 A. 2,4.8 Trl
ehlofoph«not
(88 06 7}

X

X

X

K

X

<

<
{

C

r\.

X

t). MAXIMUM 30 PAV VALUE
(1/OUAlIjb.V)

III

OUTFALL NUMBER ?

001 1 Form Approved OMB No. t58-fl0173.

C.LONG TERM AVRG. VALUE
(if <iva.ilallef

CO ui -...
d.NO.OF

ANAL-
VSCS

4. UNITS

1. CONCEN-
TRATION

V INTAKE (optional)
• LONG TCRM

AVtHftfi VALUE
[t| COHCBN-

(t) MAt*

i..> IjT1 iiSr '

HO. or
ANAL-
vcctf

• •

CONTINUE ON REVERSE



f7. POLLUTANT
I ANOCAS

NUMBLI4
M 4v»'f«I>J.-)

2 MAHK /t'

1 »» *r J It •«-
>>*>. Li>*«c
**- 1 rut.-

u-'IH I t««t
*••

*• *•!

( J tFFLUENT '

*. MAXIMUM DAIL.V VAI.UC

1-1 \l\ HAim

ICC/MS FRACTION - BASE /NEUTRAL COMPOUNDS

n0

IB- Ae»n»phih»n«
(83 32 9)

2B. AcvniphtyOn*
(208068)

30- Anthracene
(120-137)

48. B*mldin«
(92-87-5)

6B. Bansa f«J
Anthr»c«iM
(B8-85-3)

6B. Bcnzo M
Pyrtn* (60-32-8)

7B. 3,4-B*n»-
ftuor«nth«n*
(205992)

8B. Banco fffctj
'•ryton*
(191-24-2)
9B. BMUO f*>
Ftuorcnthvn*
(207069)

108. Bis (2 Chloro
*tho*yt M«th«n«
(111-91-1)
11B. BU^Chloro
•MylJ Eth«f
(111-44-4)
128. Bis f* Cfiforo-
itOprapyO Ethtr
(39638-32-9)

138. BU (2 Ethyl
htnylt Phlhalau
(117-81-7)

14B- 4-Bromo-
ph«nyl Ph«nyl
Ethw (101 66 31

1SB. Butyl B«ruyl
PhthaUt* (85 68 7|

1SB. 2-Chtoro-
n«phthal*n*
(81 68 7)
178.4Chto*B-
phwtyl Phvnyl
Eth*r (7005-72-3)

.J8B. Chryicna
UlgOlB)

'19B. Dibcnio (o./tj
Anthr«c*n*
(53-703)

208. 1.2 DtchtofO-
b«nitn« (95 SO 1)

21B. 1.3 Dtehtoro
tMni*n« (641-73 1

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

-J£-
X

X

b. MAXIMUM jo DAY VALUC
(i7 ofaiLbJ«j

I'l
C OMC •!»"¥•* J»» lOf 4

|j J M*»B

C.LONGT^M*^^. VALUE

10 !,)».».

tt HO. or
ANAL-
rst*

4. UNITS

•. CONCCN-
T It AT ION b. MAS!

3. INTAKE (optional)
• LONG TCRM

AVERAGE VALUE
|l| COHCBM-

—— Pw

hi »••••

b. NO. or
ANAL-
VftES

f

EPA Form 351&2C (6-80) PAGE V-8 CONTINUE ON PAGE V-7



lilt I MUM I

1. POLLUTANT
AND CAS
HUMBF.H
(t( available t

CC/MS FRACTION
438. N Nfiro
todlphanyUTilnB
(86306)

44B. Ph«n«ntnr«n«
(8601.-8)

45 B. Pyr«n»
1129-000)

46B. 1,2,4 - Tft
Ctilorob«iu«rM
(12083-1)

t MARH 'X'

* l» II
IM<«
• *•ui>m

—JtiL.
-BA

tti ..
i« vatj
rat-
*•«>

t *«-
»•-
• •HI

1 3. EFFLUENT

•. MAXIMUM DAILY VALUE

«.«..W«.no..| •"""
SE/NEUTRAL COMPOUNDS (cunimu/d)

X

X

x
X

GCVMS FRACTION - PESTICIDES
IP. AkJrln
(309 00 2)

2P. Q 8HC
(31984-6)

3P.pflHC
(319-85 7)

4P. 7-BHC
(58899)

5P. fi BMC
(319868)

6P. Chlord»n«
(57-749)

7P. 4.4'-DDT
(5O-293)

8P. 4,4- ODE
(72659)

if*. 4,4* DOO
(72548}

1OP. O'*ldrln
(60-57- 1)

IIP. a Endotulftn
(11629 7)

12P. ̂  Endotulfan
(115297)

13P. EndotuHjn
StiH«t«- -
(1031078)

44P. Endrin
(72-20 8) .

16P. Endrin
Aldtfiyd*
17421 934)

16P. HvpUcMor
176448)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

b. MAXIMUM 10 PAY VALUC
(if available)

M M-...
"̂•MrauMf-**"1'

1*1

•

|,l-...

d HO. or
ANAL-
YSES

4. UNITS

•. CONCEN-
TRATION

S. INTAKE (optional)
m LONG

AVERAG
(l| CO«C«M-

TCMM •
VALUE

|l) MAM

^" • ——

NO or
ANAL-
*V*H

1

•"

EPA Form 3S10-2C 16-80) PAGE V-8 CONTINUE ON PAGE V 8



v*^
CONTINUED F ROM PAGE V 5
1. POLLUTANT

AND CAS
NUMBER
til uruiluhlr)

GC/MS FRACTION

22B. 1,4 DichtofO
b*n»n« (106 46 7

23B. 3>-Oichloro
tMiuidin*
(9194 1)
24B. Dwthyl
Phth«l«t«
(84 66 2)
25B. Dimethyl
PhthaUtc
{131 11 3)
26B. DIN Butyl
PhthaUii
(84742)

27 B. 2.4jDtniua-
tOlu*n«{121 1421

28B. 2.6 DinltfO
toluan* (6O6 20 2)

298. DiN Octyl
PhlhaUt*
1 11744 01

30B. 1.2-Oiphanyl-
hydruina (as Am
6*atcnc)(12266 7

31B. Flu»f*nth«ni
(206440)

32B. Fluorine
(86737)

338. H*>«
chlorob*n*«n*
(1187111
348 H«x»
c h to robu UdM n«
(87683)
3SB. H«B*chloro-
c y c lo p« n («d i«n«
(7747-41

36 B. Hexachloro-
•th*n« (67 72 1 1

376- Indcno
(1.3,3 cd) Pyr«n«
11̂ 339,51

388. Uophoion*
't7,B6«.1)

39B. N*phthal*na
(91 203)

40B. Nltrobenim*
(98 95 3)

418. H NiUO
«odim*ihyl«min»
162 75 9)

428. N-Nitrowdi
N-Propylamln*
(b21 64 7)

i

¥
-BA

—

M AIIH

;;•;,

X-
....

LH V» t

&• •
• ( h 1

•- MAXIMUM OAIUV

EPA l.O. NUMBER fcop^ i Item 1 of Form 1)

PAD 0818683U9
3. EFFLUENT

VALUE

,,.... .Lv1.. ...... | i«i— - »
iE/NcUTRAL COMPOUNDS fcvntinucJJ

X

X

X

X

X

X

X

x..

x..

X

X

X

X

X

X

X

X

s

<

f
c

-- —

b. MAXIMUM 20 DAV VALUE
ill available t

... •.'''... ..,« (l| M»t»

OUTFALL NUMBER

001
(

Form Approved OUB No. 158 ft 01 73

<!LONGWJi?«/urcsj-VAi-uc
M

1 line (MIHIIIUH
\t\ M.t*

U NO. or
ANAL-
YSES

4. UNITS

•- CONCEN-
TRATION

—— h

•

U MASS

5. INTAKE {•tptiunll)
* t-ONC TERM

A V E R A Q VALUE
(*) COHCCH-

THA1ION
t*l »»•••

%w

b. NO. OF
ANAL-
YSES

*

£PA Fo.m3b1O2C (680) PAGE V-7 CONTINUE ON REVERSE



CONTINUED FROM PAGE V 8

1. POLLUTANT
AND CAS
NUMBCH T*•"'*

M ANK •JC

'!:.v,' •. MAXIMUM DAILY

I'l

GC/MS FRACTION - PESTICIDES (continued)
17P. H»pl«hlor
CpOMtd*
(102457 3)

18P. PCB 1242
(5346921 91

19P. PCB 1254
(1109769-1)

20P. PCB-1221
(1110428-2)

21P. PCB 1232
(11141-16-5)

22P. PCB 1248
(12672-296)

23P. PCB 126O
(11O96825)

24P. PCB 1O16
(12674-11 2)

2SP. ToxaplMra
(8001 352)

X

X

_x_
X

X

X

X

X

y

E*A I.D. NUMBER (copy from Item 1 of Form It

PAD 081868309
J. EFFLUtNT

VALUE

111 *•-»*

b. MAXIMUM 10 PAY VALUE
{if available)

CO-C.l'tB.,,0«
(ll-.%»

OUTFALL NUMBER

OOJ Form Approved OMB No. 1 S3- HO 1 73

C.LONG TERM AVBG. VALUE

caHC*N>l>M.I.QM
I.JM.V.

(1 NO. OF
ANAL-
YSES

4. UNITS

•. CONCEN-
TRATION U MA**

5. INTAKE (optional)
• LONG TERM

AVGflAQt VALUE
(l) COHCBM- (.1 M...

b NO. OF
ANAL
VIES

EPA Form 3510- 2C 16-80) PAGE V-»

-f.



iELD W A i L . -

WEST WELL

(INACTIVE)

RESERVOIR
58,000 GAL CAP
40,000 FOR FIRE

PROTECTION

DEGREASKR
PLANT 5

DEGREASER
PLANT 8

© HAZ.

PICKLE

1

HOUSE

SANITATION
FACILITIES

WELD MILLS
PLANT 5

WASTE
i N . P . D . E . S .

001 DISCHARGE

RESERVOIR
PLANT 8

PETRALEX
WELD MILLS

COOLING TOWER
230 GPM

EVAP. 4-6 GPM

FURNACES

KITCHEN &
DRINKING WATER

1
AIR GOMP. &
REFRIG. UNIT

V.F. SEWER



LABORATORIES
1151 S. Trooper Road, Norristown, PA 19403 (215) 666-7404

Engineering Consultants — Analytical Services

CLIENT NUMBER 2feoil.01

BISHOP TUBE
P.O. BOX 1189
ROUTE 30 MALIN ROAD
FRAZER, PA 19355

DAVE HOLETON

08-18-1987 ANALYTICAL REPORT

RE: ANALYSIS OF WATER SAMPLE
FOR NPDES PERMIT TESTING
TAKEN BY CLIENT
SUBMITTED
AGES LAB ID * 873522

WATER SAMPLE
NPDES SAMPLE

BOD (5DAY $ 20C)
COD
TOC

PH.
COLOR (Pt-Co)
CYANIDE

PHENOL
OIL & GREASE
DETERGENTS

AMMONIA NITROGEN AS N
NITRATE NITROGEN AS N
NITRITE NITROGEN AS N

TOTAL K.JEDAHL NITROGEN
PHOSPHATE TOTAL AS P
SULFATE

SULFIDE

5.
4.
11.

7 . 56
<5.
<0.001

<o.ooi
6.
<0.01

1.7
0.03

0.22
0.86
32.

<0.2

THE RESULTS ARE EXPRESSED AS mg/1 EXCEPT pH OR OTHERWISE INDICATED

LABORATORY SAMPLES ARE RETAtNEO BY AGES LABORATORIES
FOR 30 DAYS FROM THE DATE OF THIS ANALYTICAL REPORT.



ANALYSIS OF WATER SAMPLE
FOR NPDLS PERMIT TESTTXf.
TAKEN BY CLIENT

AGES LAB ID * 873522

WATER SAMPLE
XPDES SAMPLE

TOTAL SUSPENDED SOLIDS
FSCAL COLIFORM/IOOML
BROMIDE

TOTAL RESIDUAL CHLORINE

0.95

<0.1

THE RESULTS ARE EXPRESSED AS mg/1 EXCEPT pH OR OTHERWISE IN'DICATED



RE: ANALYSIS 0? WATER SAMPLE
FOR XPDF.S PERMIT TESTIXG
TAKEN BY CLIENT

AGES LAB ID * 373522

WATER SAMPLE
NPDES SAMPLE

ANTIMONY
ARSF.X1C

<O.C)10
<0.005
<0.001

BARIUM
BERVLL::*X
BORON

0 . 030
<o on:
<C.217

CHROMIUM TOTAL
rori.v.:

<o.noj
0 . 004

COPPEM
IRCJN
LEAD

MAtlN'ilS;; M
MAXGAXESE

0 . 005
<0.001
0.006

10.8
C . 002

<:i.noo:

'ELEXI01

CJ.007
U.008

<0.001

THALL I'JM
TIN-

r, .00:
<O.OOG

TITANIUM
ZINC

0.032
0.007

THE RESULTS ARE EXPRESSED AS mg/1 EXCEPT pH OR OTHERWISE INDICATED

V- • ,.• .f



CHLOROMCTHAXF
BROMOMETHAXE
CHLOROETHAXE

DICHLORODIFLUOROMETHANE
1 1-DICHLOROSTHAXE
CHLOROFORM

1 2-DICHLOROETHAXE
CARBON TETRACHLORIDE
1 2 13ICHLOKOPKOPEXE

1 2-DICHLOROPROPAXE

BENZENE

2-CHLOROI:T:-;Y-V;XYL ETHER
BROMQFORM

!!VI. BENZr.N"

: :-D:CHLOROBEXZENE
1 ;i DICKLOROBENZENE

1 4-DICLOROBENZENE
HEXACHLOROETHAN'E
BIS(2-CHLOROETHYL)ETHER

BIS(a -CHLOROISOPROPYL}ETHER
X >:yTHOSODI-X-PROPYLAMIXE

RE: ANALYSIS OF WATER SAMPLE
FOR NPDES PERMIT TESTING
TAKEX BY CLIENT
SUBMITTED
AGES LAB ID » 873522

WATER SAMPLE
NPDES SAMPLE

<30

:o

<' 10

HEXACHLOROBUTADIEXE
1 2 4-TRICHLOROBENZENE
ISOPHOROXE

XAPHTHALEXE

THE RESULTS ARE EXPRESSED AS ug/1 EXCEPT pH OR OTHERWISE INDICATED



•f: ANALYSIS OF WATER SAMPLE
FOR NPDES PERMIT TESTING
TAKEN BY CLIENT
SUBMITTED
AGES LAB ID « 873522

WATER SAMPLE
NPDES SAMPLE

31S(2 -CHLOROETHOXY)METHANE
HEXACHLOROCYCLOPENTADIENE
CHLOROXAPHTHALEXE

ACEXAPHTKYLEXE
ACENAPHTKENE
DIMETHYL PHTHALATE

2 4-DIXITROTnLL'EXE
2 f i -DIXITROTOLUEXE
FLirOREXE

4-CHLOROPKEXYL PHENYL ETHER
2 4-DTXITROBKXZn.NT
DirTHYI. ?HTHALATE

n i S t C H J / l K O X U T I I Y I . } -". HCK
:•; -x: TF.?SO'J : PHEXVLAM : XE

<10.

;-?.I\r>:r;?!̂ XYL PHEXVL ETHER

DI-X-H;:TV;. PHTIIALAT:
FLUORANTIi^XE
PYKENJ:

BENZIDINE
BUTYL BENZYL PHTHALATE
BIS(2-ETHYLHEXYL) PHTHALATE
CHRYSEXE
3ENZO( A), \.\THRACENE

1C

-MO

BENZO ( K ) FLUORANTHENE
BENZO(A)PYRENE
3 3'-DICHLOROBENZENE

DI-N-OCTYL PHTHALATE

THE RESULTS ARE EXPRESSED AS ug/1 EXCEPT pH OR OTHERWISE INDICATED



.. . ...LVi
•" *™ V T^. - x %»*_/

.S LAB ID * 873522

WATER SAMPLE
NTDES SAMPLE

DIBE:;/:Q;A K)ANTHRACENE <io
B E X Z O ( G H DPERYLEKE <io
1 2-DIPHEXYLHYDRAZINE <10

<
N-NITROSODIMETHYLAMINE <10
237 8-TERTACHLORODIBEN70 P-DIOXIN <10

THE RESULTS ARE EXPRESSED AS ug/1 EXCEPT pH OR OTHERWISE INDICATED.



ACID EXTRACTA3I.ES

RE: AKALYS OF WATER SAMPLE
FOR :;rr*:s PERMIT TESTING
TAKEX :.:V CLIENT
SUBMITTED
AGF.S LAB ID # 873522

WATER SAMPLE
NPDES SAMPLE

2-CHLOROPHEXOL
2-XITRO PHEXOL
PHEXOL.

2 4-DIMETHYLPHEXOL
2 4-DICHLOROPHEXCL
2 4 6-TRICHLOROPHEXOL

4-CHLOR(J-:i y.ETHYLPHEXCL
2 4-DIXITRCPHEXOL
2-METHYL 1 6--DIXITROPHEXOL

PENTACHLGRCJPHEXOL

A-BHC

3-BHC
G-BHC
1-BHC

ALDRIX
HEPTACHLCR
HEPTACHLOR EPOXIDE

ENDOSULFAX I
ENDOSULFAX II
EXDOSULFAX SULFATE

TOXAPHEXE
EXDRIX ALDEHYDE
CHLORDAXE

DIELDRIX
ENDRIN
4 4'-ODD

4 4'-DDE

<3C

<C.003

<0.nOo
-'0.003
<0.005

'G.003
<0.003
CO-10

<0.01
<0.01
<0.005

<o,:o
<0.005
.0.01

<0.005
<0.005
<0.01

<0.01

THE RESULTS ARE EXPRESSED AS ug/1 EXCEPT pH OR OTHERWISE INDICATED

AG5-



ANALYSIS OF WATER SAMPLE
TOR xpors rrr::T TESTING
TAKEN BY CLIENT
SUBMITTED
AGES LAB ID # 373522

WATER SAMPLE
XPDES SAMPLE

4 4'-DOT
POLYCHLORIXATED BIPHEXYLS AS 1242
POLYCHLORIXATED BIPHEXYLS AS 1248

POLYCHLORIXATED BIPHEXYLS AS 1254
POLYCHLORINATED BIPHEXYLS AS 1260
POLYCHLORINATED BIPHEXYLS AS 1016

POLYCHLORIXATED BIPHEXYLS AS 1221
POLYCHLORIXATED BIPHEN'YLS AS 1232
METHOXYCHLOR

0 F-DDT

<0.01
<0.10
< 0 . 3 0

<0.10
<0.10
<0.10

<0.10
<0.10
< 0 . 1 Q

THE RESULTS A3*: SSE:) AS ug?3 EXC::!;T pH OK OTHERKISr IXDICATEH

SUBMITTED

AP.OUATORY MANAGER

(b) (4)



REFERENCE NO. 44



J600-PM-WQ0003 4/94

COMMONWEALTH OF PENNSYLVANIA . . "*
DEPARTMENT OF ENVIRONMENTAL RESOURCES *

WATER MANAGEMENT PROGRAM

AUTHORIZATION TO DISCHARGE UNDER THE
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

INDUSTRIAL NPDES PERMIT NO. PA 0013641 Amendment 1

In compliance with the provisions of the Clean Water Act, 33U.S.C. Section 1251 et seq. (the "Act") and
Pennsylvania's dean Streams Law, as amended, 35 PS. Section 691.1 et seq.,

_.,_________ Damascus - Bishop Tube Company,. Inc._________________

is authorized to discharge from a facility located at

____________________Route 30 & Malln Road, Frazer, PA 19355______

Municipality r***- MMI-PI^H TnunsMn _______ County Chester County ______
to receiving waters named

Littlfl yj]_]_gy_./7t-aalf fj-j hn j-ji ry

in accordance with effluent limitations, monitoring requirements and other conditions set forth in Parts A, B,
and C hereof.

THIS PERMIT SHALL EXPIRE AT MIDNIGHT. • 7/29/99

The authority granted by this permit is subject to the following further qualifications:

1. If there is a conflict between the application, its supporting documents and/or amendments and the
terms and conditions of this permit, the terms and conditions shall apply.

2. Failure to comply with the terms, conditions, or effluent limitations of this permit is grounds for
enforcement action; for permit termination, revocation and reissuance, or modification; or for denial
of a permit renewal application.

3. Complete application for renewal of this permit, or notification of intent to cease discharging by the
expiration date, must be submitted to the Department at least 180 days prior to the above expiration
date (unless permission has been granted by the Department for submission at a later date), using the
appropriate NPOES permit application form.

In the event that a timely and complete application for renewal has been submitted and the
Department is unable, through no fault of the permittee, to reissue the permit before the above
expiration date, the terms and conditions of this permit, including submission of the Discharge
Monitoring Reports, will be automatically continued and will remain fully effective and enforceable
pending the grant or denial of the application for permit renewal.

4. This NPDES permit does not constitute authorization to construct or make modifications to wastewater
treatment facilities necessary to meet the terms and conditions of this permit.

DATE PERMIT ISSUED ISSUED BY L^U

DATE PERMIT AMENDMENT ISSUED 3" A3-^ST TITLE: Water Management Program Manager

'DATE EFFECTIVE

(RN)3



PART A Page
PA

2 of
0013641

14

Amendment 1
1. EFFLUENT L3MTTATICNS AND M3OTCRING REQUIREMENTS, FOR DISCHARGE 001; LOCATED AT LATITUDE 40° 2/30",

LONGITUDE 75°32'15", WHICH RECEIVES WASIE FRCM: Damascus-Bishop Tuba Gonpany, Inc. nonoontact cooling water.

A. The permittee is authorized to discharge during the period from issuance through expiration.
B. Based on production data and anticipated wastewater characteristics and flows described in the permit

application and its supporting documents and/or amendments, the following effluent limitations and monitoring
requirements apply:

DISCHARGE

PARAMETER

FICW

TEMPERATURE

PH

TOTAL RESIDUAL CHLORINE
**

DISCHARGE UMTTATTCNS*
MASS UNITS (Ite/dav)

AVERAGE
MDWIHLY

MAXIMLM
DAILY

O^ONIRATICNS (nn/1)

AVERAGE
ANNUAL

AVERAGE
M^fTHLY

MAXMM
DAILY

INSTAN-
TANEOUS
MAXMM

87°F

Within limits of 6 to 9 Standard Units at all times
Monitor/
Report

MONITORING REQUIREMENTS

MEASUREMENT
FREQUENCY

1/Week

1/Week

1/Week

1/Week

SAMPLE
TYPE

Measured

I-S

Grab

Grab

24 HOUR
REPCRT
UNDER
A.3.C

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Sanples taken in ccnpliance with the monitoring requirements specified above shall be taken at the following
location (s): 001

*Unless otherwise indicated, these are gross discharge limitations.

** Instantaneous minimum and instantaneous maximum concentration shall also be reported on Discharge Monitoring
Report along with Average Monthly Concentration.



PART A Page 2a of 14
001 3641

1Amenctnent
1 . EFFLUENT UMTTATIONS AND ICNTTCRING REQUIREMENTS, FOR DISCHARGE 002; lOCATED AT LATITUDE 40°02'30"/

DONGriUDE 75°32'15", WHICH RECEIVES WASTE FRCM: storm water
A. The permittee is authorized to discharge during the period from issuance through expiration.
B. Based en production data and anticipated wastewater characteristics and flows described in the permit

application and its supporting documents and/or amendments, the following effluent limitations and monitoring
requirements apply:

DISCHARGE

PARAMETER

CBOD-5

CHEMICAL OXYGEN DEMAN3

OIL & GREASE

TOTAL SUSPENDED SOLIDS

pH

LEAD (Total)

CHRCMUM (Total)

COPPER (Total)

CACMTLM, (Total)

&RSENIC {T\ptai)

DISCHARGE LIMITATIONS*
MASS UNITS (Its/dav)

AVERAGE
MONTHLY

MAXBtM
DAILY

CENCENIRATECNS (rta/1)

AVERAGE
ATWUAL

AVERAGE
MONTHLY

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

MAXIMUM
DAILY

INSTAN-
TANEOUS
MAXBOi

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

Monitor/
Report

M^iaQRING REDUIREMEMS

MEASUREMENT
FREQUENCY

1/6 Month

1/6 Month

1/6 Month

1/6 Month

1/6 Month

1/6 Month

1 /6 Month

1/6 Month

1/6 Month

1/6 Month

SAMPLE
TYPE

1 Grab
1 Oomo.
1 Grab
1 Camp.
1 Grab
1 GOTO.
1 Grab.
1 Comp.
1 Grab
1 GOTO.
1 Grab
1 Ccmp.
1 Grab
1 Comp.
1 Grab
1 Ccmp.
1 Grab
1 Ccmp.
1 Grab
1 Como.

24 H3UR
REPORT
UNDER
A.3.C

' ,. There shall be no discharge
Samples taken in compliance
location (s): Outfall 002
*Unless otherwise indicated

of floating solids or visible foam in other than trace amounts,
with the monitoring requirements specified above shall be taken at the following

these are gross discharge limitations. (RN)18



PART A Page
PA

2b of
0013641

14

Amendnent 1
Continued from Page 2a of 14

DISCHARGE

PARAMETER

IRCN (Dissolved)

FLUQRIDE (Total)

DISCHARGE LIMITATIONS*
MASS UNITS (Ibs/dav)

AVERAGE
MONTHLY

MAXBtM
DAILY

OCNCEWTRATrCNS (no/1)

AVERAGE
ANNUAL

AVERAGE
MONTHLY

Monitor/
Report
Monitor/
Report

MAXIMA
DAILY

INSTAN-
TANEOUS
MAXIMLM

Monitor/
Reoort
Monitor/
Reoort

MONITORING REQUIREMENTS

MEASUREMENT
FREQUENCY

1/6 Month

1/6 Month

SAMPLE
TYPE

1 Grab
1 Ccrnx
1 Grab
1 ComD.

24 HOUR
REPORT
UNDER
A.3.C

* thless otherwise indicated, these are gross discharge limitations.

(1) This discharge shall consist solely of storm water runoff

(2) There shall be no discharge of floating solids or visible foam in other than trace amounts.

(3) This discharge is also subject to the terms and conditions of the General Permit for Discharges of storm
water fron industrial activities PAG-3, as issued on November 7, 1992 which is attached and made part of this
permit.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): Outfall 002 - - •

(RN)19
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Page 2c of 14

PA 0013641____
Amendment 1

I. EFFLUENT UMTTATICNS AM3 KHETCRING REQUIEEMENrS FOR DISCHARGE 003;
lOCATED AT LATITUDE 40°02'25", I£N3THJDE 75°32/19", WHICH RECEIVES WASTE FFCM: Storm Water

A. The permittee is authorized to discharge during the period from issuance through expiration.
B. Based on production data and anticipated wastewater characteristics and flows described in the permit

application and its supporting documents and/or amencknents, the following effluent limitations and monitoring
requirements apply:

1. This discharge shall consist solely of storm water runoff.

2. There shall be no discharge of floating solids or visible foam in other than trace amounts.

3. This discharge is subject to the terms and conditions of the General Permit for Discharges of Storm Water from
Industrial Activities, PAG-3, as issued on November 7, 1992 which is attached and made part of this permit.

Sanples taken in compliance with the monitoring requirements specified above shall be taken at the following
location (s): 003 not monitored

(RN)20



PART A Page 3 of 1*

2. Definitions

a. The term "Bypass" means the intentional diversion of wastes from any portion
of a treatment facility.

b. The term "severe property damage" means substantial physical damage to
property, damage to the treatment facilities which causes them to become
inoperable, or substantial and permanent loss of natural resources which can
reasonably be expected to occur in the absence of a bypass. Severe property
damage does not mean economic loss caused by delays in production.

c. The "average monthly" mass discharge means the total discharge by weight
during a calendar month divided by the number of days in the month that the
production or commercial facility was operating. Where less than daily
sampling is required by this permit, the average monthly mass discharge shall
be determined by the summation of all the measured daily discharges by
weight divided by the number of days during the calendar month when the
measurements were made.

d. The "maximum daily" mass discharge means the total discharge by weight
during any calendar day.

e. The "average monthly1 concentration means the arithmetic average of all the
daily determinations of concentration made during a calendar month. •

f. - The "daily determination of concentration" means either the concentration of
a composite sample taken during a calendar day or the arithmetic average of
all grab samples taken during a calendar day.

g. The "maximum daily" concentration means the daily determination of
concentration for any calendar day.

h. The "instantaneous maximum" concentration means the concentration not to
be exceeded at any time in any grab sample.

i. The term "Composite Sample" means a combination of individual sampies
obtained at regular intervals over a time period. Either the volume of each
individual sample is proportional to discharge flow rates, or the sampling
interval (for constant volume sampies) is proportional to the flow rates over
the time period used to produce the composite. The maximum time period
between individual samples shall not exceed two hours, except that for wastes
of a uniform nature the sampies may be collected on a frequency of at least
twice per working shift and shall be equally-spaced over a 2*-hour period (or
over the operating day if flows are of a shorter duration).

j. The term "Grab Sample" means an individual sample collected in less than 15
minutes.
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k. The term "i-s" means immersion stabilization - in which a calibrated device is
immersed in the effluent stream until the reading is stabilized.

1. The "average monthly" temperature means the arithmetic mean of
temperature measurement made on an hourly basis, or the mean value plot of
the record of a continuous automated temperature recording instrument,
either during a calendar month or during the operating month if flows are of a
shorter duration.

m. The "maximum daily" temperature means the highest arithmetic mean of the
hourly temperatures observed for any two (2) consecutive hours during a 24-
hour day, or during the operating day if flows are of a shorter duration.

n. The term "Measured Flow" means any method of liquid volume measurement,
the accuracy of which has been previously demonstrated in engineering
practice, or for which a relationship to absolute volume has been obtained.

o. The term "At outfall XXX" means a sampling location in outfail line XXX
downstream from the last point at which wastes are added to outfall line XXX,
or otherwise specified,

p. The term "Estimate" means to be based on a technical evaluation of the
sources contributing to the discharge including, but not limited to, pump
capabilities, water meters and batch discharge volumes.»

q. The term "non-contact cooling water" shall mean water which is used in a
cooling system designed so as to maintain constant separation of the cooling
medium from all contact with process chemicals but which may on occasion,
as a result of corrosion, cooling system leakage or similar cooling system
failures contain small amounts of process chemicals: provided, that ail
reasonable measures have been taken to prevent, reduce, eiiminate and control
to the maximum extent feasible such contamination: and provided further,
that all reasonable measures have been taken that will mitigate the effects of
such contamination once it has occurred.

-7



PART A Page 5 of 1*

3. SELF-MONITORING, REPORTING, AND RECORDS KEEPING

a. Representative Sampling

Samples and measurements taken as required herein shall be representative of
the volume and nature of the monitored discharge.

b. Reporting of Monitoring Results

(1) Monitoring results obtained during each month shall be summarized for
that month and reported on a Discharge Monitoring Report (DMR) Form
postmarked no later than the 23th day of the following month. Duplicate
signed copies of these and all other reports required herein, shall be
submitted to:

Regional Water Quality Manager
Dept. of Environmental Resources
Lee Park, Suite 6010
555 North Lane
Conshohocken, PA 19428

(2) If the permittee monitors any pollutant, using analytical methods
described in AJ.e- below, more frequently that the permit requires, the
results of this monitoring shall be incorporated, as appropriate, into the
calculations used to report seif-monitoring data on the DMR.

Non-Compliance Reporting

(1) 2»~Hour Reporting - The permittee shall orally report to the Department
within 2&-hours of becoming aware of the following:

(a) Actual or anticipated non-compliance with any term or condition
of this permit which may endanger health or the environment.

(b) Actual or anticipated non-compliance with any "maximum daily"
discharge limitation which is identified in Part A.1 of this permit
as being either:

(i) A toxic pollutant effluent standard established by EPA
pursuant to Section 307(a) of the Clean Water Act,

(U) For a toxic or hazardous poiutant which, if not adequately
treated, could constitute a threat to human health, welfare,
or the environment, or
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(Hi) Any pollutant identified as the method to control a toxic
pollutant or hazardous substance (i.e. indicator pollutant).

(c) Any unanticipated bypass which exceeds any effluent limitations in
the permit.

(d) Where the permittee orally reports this information within the
above mentioned 24-hour time period, a written submission
outlining the above information must be submitted to the
Department within 3-days of becoming aware of such a condition,
unless this requirement is waived by the Department upon receipt
of the oral report.

(2) Other Non-Comollance Reporting

(a) The permittee shall give advance notice to the Department of any
planned changes to the permitted activity or facility which may
result in non-compliance with permit requirements.

(b) Where the permittee knows in advance of the need for a by-pass
which will exceed effluent limitations, it shall submit prior notice
to the Department at least 10 days, if possible, before the date of
the bypass.

(c) The permittee shall report all instances of non-compliance which
are not reported above at the time of DMR submission.

(3) The reports and notifications required above shall contain the following
informations

(a) A description of the discharge and cause of non-compliance;

(b) The period of non-compliance, including exact dates and times
and/or the anticipated time when the discharge will return to
compliance; and

(c) Steps being taken to reduce, eliminate, and prevent recurrence of
the non-complying discharge.

Specific Toxic Substance Notification Levels - The permittee shall notify the
Department as soon as it knows or has reason to believe the following:

(1) That any activity has occurred, or will occur, which would result in the
discharge of any toxic pollutant which is not limited in the permit, if
that discharge will exceed the highest of the following "notification
levels".

(a) One hundred micrograms per liter
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(b) Two hundred micrograms per liter for acroiein and acryionitrile

(c) Five hundred micrograms per liter for 2, *-dinitrophenol and 2-
methyl -4, 6-dinitrophenol

(d) One milligram per liter for antimony

(e) Five (5) times the maximum concentration value reported for that
pollutant in the permit application

(f) Any other notification level established by the Department

(2) That it has begun, or expects to begin, to use or manufacture as an
intermediate or final product or byproduct any toxic pollutant which was
not reported in the permit application.

e. Test Procedures

Unless otherwise specified in this permit, the test procedures for the analysis
of pollutants shall be those contained in 40 CFR Part 136, or alternate test
procedures approved pursuant to that part.

f. Recording of Results

For each measurement or sample taken pursuant to the retirements of this
permit, the permittee shall record the following information:

(1) The exact place, date, and time of sampling or measurements;

(2) The person(s) who performed the sampling or measurements;

(3) The dates the analyses were performed;

(*) The person(s) who performed the analyses;

(3) The analytical techniques or methods used; and

(6? The results of such analyses.

g. Records Retention

All records of monitoring activities and results (including all original strip
chart recordings for continuous monitoring instrumentation and calibration and
maintenance records), copies of all reports required by this permit, and
records of all data used to complete the application for this permit shall be
retained by the permittee for three (3) years. The three year period shall be
extended as requested by the Department or the EPA Regional Administrator.
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PA

SCHEDULE OF COMPLIANCE

a. The permittee shall achieve compliance with the effluent limitations specified
for discharges in accordance with the following schedule:

b. Periodic Reports Required

No later than 1* calendar days foilowing a date identified in the above
schedule of compliance, the permittee shall submit to the Department a
written notice of compliance or non-compliance with the specific schedule
requirement. In the case of non-compliance, the notice shall include the cause
of non-compliance, any remedial actions taken, the estimated date when
compliance with the elapsed date shall occur, and the probability of meeting
the next scheduled requirement.
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I. MANAGEMENT REQUIREMENTS

a. Permit Modification, Termination, or Revocation and Reissuance

(1) This permit may be modified, terminated, or revoked and reissued during
its term for any of the causes specified in 25 Pa. Code, Chapter 92.

(2) The filing of a request by the permittee for a permit modification,
revocation and reissuance, or termination, or a notification of planned
changes or anticipated non-compliance, does not stay any permit
condition.

(3) Toxic Pollutants

Notwithstanding the above, if a toxic effluent standard or prohibition
(including any schedule of compliance specified in such effluent standard
or prohibition) is established under Section 307(a) of the Act for a toxic
pollutant which is present in the discharge, and such standard or
prohibition is more stringent than any limitation for such pollutant in
this permit, then this permit shall be modified or revoked and reissued by
the Department to conform with the toxic effluent standard or
prohibition and the permittee so notified.

In the absence of a Departmental action to modify or to revoke and
reissue this permit, any toxic effluent standard or prohibition established
under Section 307(a) of the Act is considered to be effective and
enforceable against the permittee.

b. Duty to Provide Information

(1) The permittee shall furnish to the Department, within a reasonable time,
any information which the Department may request to determine
whether cause exists for modifying, revoking and reissuing, or
terminating this permit, or to determine compliance with this permit.

(2) The permittee shall furnish to the Department, upon request, copies of
records required to be kept by this permit.

(3) Other Information - Where the permittee becomes aware that it failed to
submit any relevant facts in a permit application, or submitted incorrect
information in a permit application or in any report to the Department,
it shall promptly submit such facts or information to the Department.

(4) The permittee shall give advance notice to the Department of any
planned physical alterations or additions to the permitted facility.

- 12-'
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c. Facilities Operation

The permittee shall at all times maintain in good working oraer and properly
operate all facilities and systems (and related appurtenances) for coilection
and treatment which are installed or used by the permittee for water pollution
control and abatement to achieve compliance with the terms and conditions of
the permit. Proper operation and maintenance includes but is not limited to
effective performance based on designed facility removals, adequate funding,
effective management, adequate operator staffing and training, and adequate
laboratory and processing controls including appropriate quality assurance
procedures. This provision includes the operation of backup or auxiliary
facilities or similar systems when necessary to achieve compliance with this
permit.

d. Adverse Impact

The permittee shall take ail reasonable steps to minimize or correct any
adverse impact on the environment resulting from non-compliance with this
permit.

«- Bypassing

(1) Bypassing not Exceeding Permit Limitations - The permittee may allow
any bypass to occur which does not cause effluent limitations to be
exceeded, but only if the bypass is for essential maintenance to assure
efficient operation* This type of bypassing is not subject to the
reporting and notification requirements of Part A.3.C above.

(2) Other Bypassing - In all other situations bypassing is prohibited unless
the following conditions are met:

(a) A bypass is unavoidable to prevent loss of life, personal injury or
"severe property damage";

(b) There are no feasible alternatives to a bypass, such as the use of
auxiliary treatment facilities, retention of untreated wastes, or
maintenance during normal periods of equipment down-time. (This
condition is not satisfied if the permittee could have installed
adequate backup equipment to prevent a bypass which occurred
during normal periods of equipment downtime or preventive
maintenance); and

(c) The permittee submitted the necessary reports required under
Part A.3.C above.

(3) The Department may approve an anticipated bypass, after considering its
adverse effects, if the Department determines that it will meet the
three conditions listed above.
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f. Reduction, Loss, or Failure of the Treatment Facilities

Upon reduction, loss, or failure of the treatment facilities, in order to
maintain compliance with its permit, the permittee shall control production
and all discharges until either the facility is restored or an alternative method
of treatment is provided. This requirement applies in the situation where,
among other things,the primary source of power of the treatment facility is
reduced, lost, or falls.

g. Removed Substances

Solids, sludges, filter backwash, or other pollutants removed in the course of
treatment or control of wastewaters shall be disposed of in a manner such as
to prevent any pollutant from such materials from adversely affecting the
environment.

2. RESPONSIBILITIES

a. Right of Entry

Pursuant to Sections 5(b) and 305 of Pennsylvania's Clean Streams Law and 25
Pa. Code, Chapter 92, the permittee shall allow the head of the Department,
the EPA Regional Administrator, and/or their authorized representatives, upon
the presentation of credentials and other documents as may be required by
law:

(1) To enter upon the permittee's premises where an effluent source is
located or in which any records are required to be kept under the terms
and conditions of this permit; and

(2) At reasonable times to have access to and copy any records required to
be kept under the terms and conditions of this permit; to inspect any
monitoring equipment or monitoring method required in this permit; to
inspect any collection, treatment, pollution management, or discharge
facilities required under the permit; and to sample any substances or
parameters at any location.

b. Transfer of Ownership or Control

(1) No permit may be transferred unless approved by the Department.

(2) In the event of any pending change in control or ownership of facilities
from which the authorized discharges emanate, the permittee shall
notify the Department by letter of such pending change at least 30 days
prior to the change in ownership or control.
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(3) The letter shall be accompanied by the appropriate Department forms
for transfer of the permit and a written agreement between the existing
permittee and the new owner or controller stating that the existing
permittee shall be liable for violations of the permit up to and until the
date of permit transfer and that the new owner or controller shall be
liable for permit violations from that date on.

(fc) After receipt of the documentation above, the Department shall notify
the existing permittee and the new owner or controller of its decision
concerning approval of the transfer. In approving a transfer the
Department may modify or revoke and reissue the permit.

(5) In the event the Department does not approve transfer of the permit, the
new owner or controller must submit a new permit application.

c. Confidentiality of Reports

Except for data determined to be confidential under 25 Pa- Code, Chapter 92
ail reports prepared in accordance with the terms of this permit shall be
available for public inspection at the offices of the Department and the EPA
Regional Administrator. Effluent data shall not be considered confidential.

d. Penalties and Liability

Nothing in this permit shall be construed to relieve the permittee from civil or
criminal penalties for non-compliance pursuant to Section 309 of the Clean
Water Act or Sections 602 or 605 of the Clean Streams Law.

Nothing in this permit shall be construed to preclude the institution of any
legal action or relieve the permittee from any responsibilities, liabilities, or
penalties to which the permittee is or may be subject under Section 311 of the
Act.

e. Property Rights

The issuance of this permit does not convey any property rights in either real
or personal property, or any exclusive privileges; nor does it authorize any
injury to private property or any invasion of personal rights.
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f. Other Laws

Nothing herein contained shall be construed to be an intent on the part of the
Department to approve any act made or to be made by the permittee
inconsistent with the permittee's lawful powers or with existing laws of the
Commonwealth regulating industrial wastes and the practice of professional
engineering, nor shall this permit be construed to sanction any act otherwise
forbidden by federal or state law or regulation, or by local ordinance. Nor
does it pre-empt any duty to obtain state or local assent required by law for
the discharged).

g. Severability

The provisions of this permit are severabie, and if any provision of this permit,
or the application of nay provision of this permit to any circumstances, is held
invalid, the application of such provision to other circumtances, and the
remainder of this permit, shall not be affected thereby.
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PART C

OTHER

1. If at anytime the Department determines that the discharge permitted herein
creates a public nuisance or causes environmental harm to the receiving
water of the Ociunuawealth, the Department may require the Permittee to adopt
such remedial measures as will produce a satisfactory effluent. If the
Permittee fails to adopt such remedial measures within the time specified by
the Department, the right to discharge herein granted shall, upon notice by
the Department, cease and become null and void.

2. The attention of the permittee is directed to the fact that the herein
approved discharge is directed to a small stream which affords a limited
dilution potential. If the effluent creates a health hazard or nuisance,
the permittee shall upon notice from the Department of Environmental
Resources, provide such additional treatment as may be required by the
Department.

3. No chemical addition for control of corrosion, scaling, algae, slime,
fouling or oxygen, etc., shall be made to the cooling or boiler water system
which has a discharge covered by this permit, without approval by the
Department.

4. If there is a change in ownership of this facility or in permittee name, an
application for transfer of permit must be submitted to the Department.

5. The Department may identify and require certain discharge specific data to
be submitted before the expiration date of this permit. Upon notification
by the Department, the permittee will have 12 months from the date of the
notice to provide the required data. These data, along with any other data
available to the Department, will be used in ccmpleting the Watershed
TMDL/WLA, Analysis and in establishing discharge effluent limits.

6. The permittee will ensure that applied chlorine dosages, used for
disinfection or other purposes, are optimized to the degree necessary such
that the total residual chlorine (TRC) in the discharge effluent does not
cause an adverse stream impact. In doing so, the permittee shall consider
relevant factors affecting required chlorine dosage, such as wastewater
characteristics, mixing and contact times, desired result of chlorinaticn,
and expected impact on the receiving water body. The TRC data shall be
recorded daily and maintained at the facility. For municipal facilities cr.o
data shall be summarized annually as part of the Chapter 94 - Municipal
Wasteload ttenagement Report.

If the Department determines or receives documented evidence that levels c:
TRC in the permittee's effluent are causing adverse water quality impacts .;.
the receiving water, the permittee shall be required to institute necessary
additional steps to reduce or eliminate such impact.

5-;j* •- -n -
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APPLICATION COMPLETION AND SUBMITTAL CHECKLIS

Page Included? Item

iX Three (31 copies of application package submitted
lX^ Original copy of application notarized
IX*; Application Fee
IX" Proper evidence of Act 14 municipality, county notification
iX" Proof of local newspaper public notice ffor new and substantially changed

discharges only)

SECTION A- PHYSICAL LOCATION AND GENERAL INFORMATION
(To be completed by All Applicants^

1 _ tX" 1. Name of Facility
1 ^, 2- Facility Location
* i^.,- 3- Facility Operator and Ownership Information
1 *X _ 4. SIC Codes
1 ., t^-,,,, 5- General Description and Nature of Business
1 .. t^-.,a 6. Past and Current NPDES and WQM Part II Permits
2 — .,._^ 7. Topographic Map
2 _ iX_ 2. Outfall Location (submit copy of Topo Map with discharge location)
2 —— "fe_ " 9- Preparedness, Prevention, and Contingencv (PPC) Plans <2^**.^
3 fX" . . 10. Line Drawing
4 __*xr,, 11. Site Plan and Stormwater RiinofFfor outfalls discharging BOTH

stormwater and process wastewateri

I
I
I
I
L
L
L
L

SECTIONS - NEW SOURCE DETERMINATION
(To be Completed by All Applicants If Applicable)

5 A/ A

SECTION C- DATA, REQUIREMENTS FOR PROCESS, NCCW, AND SANITARY
WASTEWATER DISCHARGES

6 AM I. OUTFALLS AND ASSOCIATED WASTEWATER TREATMENT
TECHNOLOGIES

7 MA ' II. SOURCES OF WASTEWATER CONTRIBUTING TO OUTFALLS
7 AJA ^ 1. Process Wastewater
8 *** "" 2. Other Wastewater
8 MA 3. Total Process, Miscellaneous, NCCW and Sanitary Wastewater
8 Ai 4 " 4. Process Wastewater Combined with Storm Water

9 Aid in. REQUIRED AXD OPTIONAL ANALYSES
9 AM 1. Optional Site-Specific Toxics Data

10 f*lA 2. Summary of Required Analyses Worksheet
-23 A/A 3. Analyses Results

IV. INFORMATION ON OTHER POTENTIALLY TOXIC POLLUTANTS
KNOWN OR EXPECTED TO BE PRESENT IN THE DISCHARGE

24 AfA 1. Chemical Additives
25 *JA 2,3 Other Potentially Toxic Pollutants
26 /UA 4a. GC/MS Five Peaks Pollutants
27 _MA . 4b. Other Chemicals
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APPLICATION COMPLETION AND SUBMITTAL CHECKLIST (continued)

SECTION C- (continued)

28 A V. HAZARDOUS SUBSTANCE SPILL REPORTING REQUIREMENT
EXEMPTION

29 MA VL ANTICIPATED ENVIRONMENTAL PROTECTION IMPROVEMENTS

29 tt/i VIL BIOLOGICAL TOXICITY TEST -DATA

SECTION D- "STORM WATER DISCHARGES ASSOCIATED WITH INDUSTRIAL
ACTIVITY"

30 iX I. IF REQUIRED TO COMPLETE THIS SECTION, ALL PARTS ARE
COMPLETE

SECTION E- MISC. INFORMATION SUBMISSION (To be Completed by All Applicants)

36 I/ I. CONTRACTED ANALYTICAL ASSISTANCE

37 A/A H. OTHER INFORMATION

SECTION F- CERTIFICATION AND SIGNATURES OF APPLICANT (To Be Completed
by All Applicants)

. ^
38 _

-u-
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f NPDESJfumber PA 0013641

SECTION A - PHYSICAL LOCATION AND GENERAL INFORMATION

i l. Name of Facility Damascus-Bishop Tube Company, Inc._____________.

_ 2. Facility Location (Street) P.O. Box 1189, Route 30 and Hal in Road_______

fl CitvorTown Frazer ____;_____________ Zip Code 19355

County Chester____________________r
3. Facility Operator (PERMIT APPLICANT) Information. (For correspondence concerning permit

g~, application review and permit action).

I • Operator (PERMIT APPLICANT) Name Damascus-Bishop Tube Company, Inc.

r Phone ( 2 1 5 ) 647 - 3450_________

""- Street P.O. Box 1189^ 'Rdute 30 and Malin Road '________________

1 / City or Town Frazer________________ State PA Zip Code 19355

Does the Operator own the facility? yes Q no Q3

I Status of Operator Federal Gov't. Q State Gov't. n Private QJ Local Gov't. n

Other ______ __ __ _j_ __ __ ________

4- SIC Codes Corresponding SIC Description

I- 1st _3_JL_L_Z_ Iron adn Steel Industry - Steel Pipe and Tubes

2nd ______ __________________________

3rd ______ ________________________j______________

i: 4th

5. General Description and Mature of Business

:pils of flat stain!
of pipes and tubes.

I ______Coils of flat stainless steel strips are formed into various lengths

6. List all NPDES and Part II Water Quality Management Permits presently held for this facility

V. ______NPDES Permit No. PA 0013641 (renewal pending)___________

• ' / & —. . - . . . _ • — / oI
L ———
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SECTION A (continued) NPDESNumber PA

7. Attach Topographic Mao. See instructions....

8. Outfall Location: For each outfall, list the latitude and longitude of its location to the nearest second
and the name of the receiving water. Where available, the receiving stream width and depth should
also be provided using actual measurements or topographic map and navigational charts.

FINAL
OUTFALL
NUMBER

(lift)

002*

003

LATITUDE

LOCO.

40

40

tMIH.

02

02

3. SEC.

30

30

LONGITUDE

LOCO.

75

75

1HIH.

32

32

I. SBC.

15

15

RECEIVING WATER
(Wam*J

Little Valley Creek
Tributary
Unnamed tributary
to Little Valley Creek
Tributary

Low Flow
Stream

Ft
Width

10

10

FL
D«pth

1.5

1.5

9- Preparedness. Prevention, and Contingency (PPC) Planning

Does the facility have a PPC plan which has been reviewed and approved by the Department?

Yes Date of Approval
[j No (attach 2 copies for review and approval)

Does the facility have any other related plans, such as a Pollution
Incident Prevention (PIP) Plan or a Spill Prevention Control and
Counter Measure (SPCC) Plan?

D Yes No

If yes, identify and indicate date(s) approved by the Department or EPA.
* A request has been made to separate the existing NPDES noncontact cooling water

discharge outfall from the stormwater discharge and to move the noncontact cooling
water outfall approximately 60 feet north of its present location as shown on
Figure 2. However, this is not a large enough distance to change, the existing
latitude and longitude coordinates:2' . .'r - '?
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DAMASCUS-BISHOP TUBE CfjfelPANY,
NPDES Permit "*"

INC.

r
(

r
L
f
L
I
L
L BCM Project No. 00-7913-01

2000 FT

Figure 1
Site Location Map
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DAMASCUS-BISHOP TU

Non-Contact
Cooling Wafer
NPOES Pwmtt fPA0013641 *
PmpeMd N«w Location
OuBalOOl

Empty Storage
Building

M—————X—————M—————»

Armco
Building

Plant 5
(Not In Use)

PECO Transformer
Macadam

Gravel

BCM Project No. 00-7913-01

125 FT NORTH

Rgure1-2
Site Map
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SECTION A (continued)

10. Line Drawing. See instructions.

Stnrmwater Runoff
Parking lot, roofs,
vegetated areas

Stormwater Runoff
Parking lot, roofs,
vegetated areas

NPDES Number PA 0013

Outfall 002
Little Valley Creek Tributary

outfall 003
Unnamed tributary to Little
Valley Creek Tributary

t
t
i
L
L
L
L
L
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SECTION A (continued) NPDES Number PA 00*36 jj. l!|^

11. Site Plan and Stormwater Runoff- Use space below or an attachment. See instructions.

Complete this part for outfalls discharging process, non-contact cooling or sanitary wastewater
in combination with stormwater.

The Department strongly recommends the separation of stormwater and other waste waters.
However, if this is impossible, complete this part. Section C must be completed for the other
wastewater contribution. Complete Section D for the stormwater contribution. If the
stormwater can be separated, complete Section D for the stormwater outfall, and Section C for
any other wastewater outfalls.

Not Applicable*

* Damascus-Bishop Tube Company, Inc. has requested approval from PADER
to separate its noncontact cooling water outfall and stormwater outfall.
Upon NPDES Permit 0013641 renewal, Damascus-Bishop Tube will immediately
separate its noncontact cooling water outfall (new Outfall 001) and
stormwater outfall (new Outfall 002).

I
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NPDES Number pfcfo 0013641
n ~r"fl$f

SECTION B • NEW SOURCE DETERMINATION Not appl icable ^

Referring to the instructions for this question, indicate when "construction" (as defined by EPA) and
discharge began for the facilities causing each discharge? If "construction" has not begun, state when
it will begin.

Do not complete this table for outfalls which only discharge sanitary wastewater or stormwater runoff
(unless considered "process wastewater" under an EPA effluent guideline regulation).

Date ' Date
"Construction" Discharge

Began* Began** Facilities Causing Discharge OutfalKs)

* If "construction" began on different dates for facilities which contribute to the same outfall, list
these dates separately (use additional sheets if necessary).

** If not yet discharging, indicate date on which discharge is expected to begin.
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SECTION D (continued)

• NPDES#PA:_0013641

IV. Narrative Description of Pollutant Sources
For each outfall, provide an estimate of the area (include units) of impervious surfaces (including paved areas and building roofs) drained to
the outfall, and an estimate of the total surface area drained by the outfall.

Outfall
Number

002
003

Area of impervious Surface
(provide units)

Parking lots, roofs?5T . Afa ire_

Total Area Drained
(provide units)

5.6 acres
5.6 acres

Outfall
Number

Area of Impervious Surface
(provide units)

Total Area Drained
We units)

Provide a narrative description of .significant materials that are currently or in the past three years have been treated, stored or disposed in a
manner to allow exposure to storm water; method of treatment, storage, or disposal; past and present materials management practices
employed, in the last three years, to minimize contact by these materials with storm water runoff; materials loading and access areas; and the
location, manner, and frequency in which pesticides, herbicides, soil conditioners, and fertilizers are applied.

The Damascus-Bishop Tube Company has reason to believe that small quantities
of fluoride may be discharged through storm water discharge Outfall No.-002.
Damascus-Bishop believes that fluoride.located in the soil occasionally
leaches into the storm water discharge pipe and is thereby discharging with
the stormwater.

C. For each outfall, provide the location and a description of existing structural and nonstructural control measures to reduce pollutants m storm
water runoff; and a description of the treatment the storm water receives, including the schedule and type of maintenance for control and
treatment measures and the ultimate disposal of any solid or fluid wastes other than by discharge.

SXS, »"'"••«
002 Not Applicable
003 Not Aonlicable

V. Won storm water Discharges^L^aB^L^H^L^LlHHâ HHHHaBaHaMHai

List Codes from
Table 1 (EPA Table no. 2 F1)

^^^^^^^^^^^^^^H
A. . I certify under penalty of law that the outfall's) covered by this application have been tested or evaluated for the presence of nonstorm water

discharges, and that all nonstormwater discharges from these outfafl(s) are identified in Section C of this application for the outfall.

Name and Official Title (type or print) Signature Date Signed

B. Provide a description of the method used, the date of any testing, and the onsite drainage points that were directly observed during a test.

VI. Significant Leaks or Spills H^̂ B&^E^BHB •̂ •̂̂ B^̂ ^̂ ^̂ ^̂ H^̂ BH^̂ a^̂ ^B^B^B^a^B^B^BHB^B^B^B^B^̂ B^B^B^B^̂ alB^H
^̂ •̂̂ ^̂ ^̂ ^̂ ••••̂ ••••••••••••••llB

^^^^^H^^L^^L^^^^^^ î̂ ^LV^^^^Bĵ ^H
||JH|HHH|||̂ |BB̂ BBH|

Provide existing information regarding the history of significant leaks or spills of toxic or hazardous pollutants at the facility in the last three years,
including the approximate date and location of the spill or leak, and the type and amount of material released.

Not Applicable
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SECTION 0 - Stormwater Discharges Associated with Industrial Activity
1. Outfall Location ^ ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^B

for each outfall, list the latitude and longitude of its location to the nearest 1 5 seconds and the name of the receiving water.

A. Outfall Number
fffirtj

002
003

8. Latitude

40
40

02
02

30
30

._

C Longrtude

75
75

. „

32-
32

.,

. .. .

15
15

- --• •

O. Receiving Water
(name)

Little Valley Creek Tributar
Unnamed tributary to Little
Valley Creek Tributary

IjL̂
t̂e*. ty/'- ^ -.

•''-& *<&/.'
- •• • -

II. Improvements l̂ ^^ l̂
A. Are you now required by any Federal. State, or local authority to meet any implementation schedule for the construction, upgrading or

operation of wastewater treatment equipment or practices or any other environmental programs which may affect the discharges described
in this application? This includes, but is not limited to, permit conditions, administrative or enforcement orders, enforcement compliance
schedule letters, stipulations, court orders, and grant or loan conditions. Q Yes |JQ No

1, Identification of Conditions.
Agreements, Etc

2. Affected Outfalls

number source of discharge
3. Brief Description of Project

-

4. Final Compliance
Date

a. req. b. praj.

8. You may attach additional sheets describing any additional water pollution (or other environmental projects which may affect your
discharges) you now have under way or which you plan, indicate whether each program is now under way or planned, and indicate your
actual or planned schedules for construction.

in. Site Drainage Map ̂ ^^E^^^^^^S^^^^^^^^BB^^^^^^^B^^^^^^^^^^^^^^^B
Attach a site map showing topography (or indicating the outline of drainage areas served by the outfall(s) covered in the application if a topo-
graphic map is unavailable) depicting the facility including: each of its intake and discharge structures; the drainage area of each storm water
outfall; paved areas and buildings within the drainage area of each storm water outfafl, each known past or present areas used for outdoor
storage or disposal of significant materials, each existing structural control measure to reduce pollutants »fl storm water runoff, materials loading
and access areas, areas where pesticides, herbicides, soil conditioners and fertilizers are applied; each of its hazardous waste treatment, storage or

1 disposal units (including each area not required to have a RCRA perm it which is used for accumulating hazardous waste under dfJCFR 262. 3d);
each well where fluids from the facility are injected underground; springs, and other surface water bodies which receive storm water discharges
from the facility.

I See Figure 2

I
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VII. Discharge Information (Continued from previous page)
Part A - You must provide the results of at least one analysis for every pollutant in this table. Complete one table fwfjch outfall. See instructions

for additional details. Ct

Pollutant
and

CAS Number
(ifavaibbie)

Oil and Grease

Biological Oxygen
Demand (SODS)
Chemical Oxygen
Demand (COO)
Total Suspended
Solids (TSS)
Total Kjeldahl
Nitrogen
"''trace plus

trite Nitrogen

Total
Phosphorus

pH {MinJMax.)

Maximum Values
(include units)

Grab Sample
Taken During

First 30 Minutes
Flow-weighted

Composite

Average Values
<7nc/uo> units)

Grab Sample
Taken During

First 30 Minutes
Flow-weighted

Composite

Number
of Storm
Events

Sampled

'*(|j||P™»
Jf& , ™
jû |e5 of Pollutants

'' **&/ ' '''

Part B - Ust each pollutant that is limited in an effluent guideline which the facility is subject to or any pollutant listed in the facility's NPDES
permit for its process wastewater (if the facility is operating under an-existing NPOES permit). Complete one table for each outfall. See
the instructions for additional details and requirements.

Pollutant
. and

CAS Number
(if available)

Tota1 Lead*
_otal Chronr
Total Copper
Total Cadmii

.
Total Arsen-
Dissolved It

\

Maximum Values
(indud* units)

Grab Sample
Taken During

first 30 Minutes

urn*
*
b*
c*
on* '

Flow-weighted
Composite

Average Values
(include units)

Grab Sample
Taken During

First 30 Minutes

Flow'Weighted
Composite

Number
of Storm
Events

Sampled

Sources of Pollutants

V

L
L

*As required by PADER PAG-3 General Permit for Discharges of Storm Water from Industrial
Activities, Appendix B, Monitoring Requirements for All Primary Metal Industry-Facilities

*rfh ^"^- 2.7 —
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SECTION D (continued)

urns'* PA: 0013641

Part C - List each pollutant shown in Tables 5, 6 and 7 (EPA Table Nos. 2F-2. 2F-3, and 2F-4 respectively) that you know or hav* reason to believe is
present. See th* instructions for additional details and requirements. Complete one table for each outfall. ^

Pollutant
and

CAS Number

Fluoride

— -

•

Maximum Values
(7nc/u4* units)

Grab Sample
Taken During

First 30 Minutes
Flow-weighted

Composite

-

Average Values
(indud* units)

Grab Sample
Taken During

First 30 Minutes
Flow-weighted

Composite

Number
of Storm
Events

Sampled

- $Wc*»W Pollutants
TTjr••a '?*,

Part O - Provide data for the storm event(s) which resulted m the maximum values for the flow weighted composite sample.

1- 2. 3.
te of Duration Total rainfall

~-storm of Storm during storm event
Event (in minutes) (in inches)

<•

4.
Number of hours between
beginning of storm meas-
ured and end of previous
measurable rain event

5. 6- 7. 8-
Maximum flow rate Total flow from Season Form of
during rain event rain event sample Precipitation

(gallons p«r minute (gallons or was taken (rainftil,
or specify units) specify units) [' snowmeit)

9. Provide a description of the method of flow measurement or estimate.
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ER-BWQ-288.10: Rev. 6/93

NPDES Number PA

SECTION E - MISCELLANEOUS INFORMATION SUBMISSION

I. CONTRACTED ANALYTICAL ASSISTANCE

Did a contract laboratory or consulting firm perform any of the analyses required by this
application?

O Yes, their name(s), address(es) and listfs) of the Q No
analyses performed are given below:

Name BCM laboratory Division Types of Analyses Performed: All

Address 1850 Gravers Road

_______Norristown, PA 19401

Phone (215 ) 275 .. 0281

Name

Address

Types of Analyses Performed:

Phone (__ }

Name

Address

Types of Analyses Performed:

Phone (____)
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SECTION E (continued) NPDES Number PA

II. OTHER INFORMATION

1. For New Dischargers Onlv: Q Check if Not Applicable

a. Have there been any technical evaluations performed concerning your anticipated
wastewater treatment or control facilities (including engineering reports or pilot
plant studies)? Check the appropriate box below.

D Yes ' D No

•b. If yes, briefly describe such evaluations and the resulting reports which have been
prepared.

c. Provide the name and location of any existing plant(s) which, to the best of your
knowledge, resembles your planned operation with respect to items produced,
production processes, wastewater constituents or wastewater treatment.

_____ -frame Location_______

2. For All Dischargers: (Optional)

If necessary, use attached sheets to expand upon responses to any of the above Questions,
or to call attention to anv otherjnjo rmation you feel should be considered in establishing
permit limitations for the proposed or existing facility.
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CUportnwnt el NPDES Compliance Inspection Report BUIMU Of VAttMT
Quality Management

Section Ai National Data Syitem Coding

Transaction Code NPDES Yr/Mo/Doy Inspection Type
i i

17

Foe Type

20

Section Bt Facility Data
and Location of Facility Inspected

•w" O^rvo/a Tub&

H ad •' >v

i ̂  | /

County

Entry Time/Date

Exit Time/Dam

Permit Effective Dare

Pennit Expiration Date

Nome, Address of Responsible Official Title

P.O. U

Prt

Telephone ^

Yes

Contacted

No

Section Ci Areas Evaluated During Inspection
(S • Satisfactory. I - Improvement Needed, U - Unsatisfactory, D - Does Not Apply, Blank - Not Evaluated)

Perniit Verification

Compliance Schedule

Records/Reports

Other (Specify): ——

Flow Measurement

Loboratory/QA

Self-Monitoring Program

Effluent/Receiving Waters

Operation/Maintenance

Pi v treatment

Section 0: Summary of Violations/Recommendations/Comments (Attach additional sheet* If necessary)
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Name of Person Interviewed
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OF WATER QUALITY MANAGEMENT, INSPECTED THE ABOVE FACILITY. TWtFINOtNGS OF THIS INSPECTION ARE SHOWN ABOVE AND ON
ANY ATTACHED PAGES V

ANY VIOLATIONS WHICH WERE UNCOVERED DURING THE INSPECTION ARE INDICATED. VIOLATIONS MAY ALSO BE DISCOVERED UPON
EXAMINATION OF THE RESULTS OF LABORATORY ANALYSES OF THE DISCHARGE AND REVIEW OF DEPARTMENT RECORDS NOTIRCATION
WILL BE FORTHCOMING. IF SUCH VIOLATIONS ARE NOTED.
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HALOGENATEO ALIPHATIC HYDROCARBONS

2.3.4 Hygienic Standards

The threshold limit value recommended by the ACGIH in 1980 was 5 ppm (28
mg/m3) with a skin notation. There appear to be very limited data to support
this or any other value.

2.3.5 Odor and Warning Properties

No data were found.

2.4 Methylene Chloride. Drchloromethane, Methylene Dichloride, CAS 75-09-2

2.4.1 Uses and Industrial Exposures

Methylene chloride is used as a blowing agent for foams and as a solvent for
many applications, including coating photographic films, aerosol formulations,
and to a large extent in paint stripping formulations. It is used as a solvent in
a number of extraction processes, where its high volatility is desirable. It has
high solvent power for cellulose esters, fats, oils, resins, and rubber. It is
somewhat more water soluble than other chlorinated solvents.

Owing to its volatility, high concentrations may be rapidly attained in poorly
ventilated areas. This property should be recognized in planning any operation
using methylene chloride. It should also be remembered that formulations tor
paint stripping may contain other solvents as well as methylene chloride and
that they are frequently found outside the workplace. These formulations often
contain other ingredients that retard evaporation and in the process increase
the likelihood of skin irritation.

2.4.2 Physical and Chemical Properties

Physical state
Molecular weight
Specific gravity
Melting point
Boiling point
Vapor pressure
Refractive index
Percent in "saturated" air
Solubility

Flammability

Colorless liquid
84.94
1.325(20/4°C)
-96.7°C
40.1'C
440 torr (25°C)
1.4237 (20°C)
55 (25°C)
2 g/100 ml water at 20°C; soluble in

ethanol, ethyl ether, acetone
No flash point or fire point by

standard tests in air. The
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Calingaert and Shapiro (182) have observed that ethylene dibromide can
penetrate through several types of protective clothing, particularly neoprene
rubber and several types of plastic gloves. Nylon was found to be the most
resistant material but lacking in good physical characteristics. These authors
proposed a combination of neoprene and nylon.

Human experience during manufacture of ethylene dibromide has been
summarized (183). The mortality of two populations of employees was compared
to that expected in an industrial population. In neither study was there evidence
of increased deaths due to cancer. However, the populations were small; hence
the statistical confidence ranges are very broad. Nevertheless, it is obvious that
a one-hit statistical model based on animal data severely overestimates the
number of tumors predicted in human populations exposed during the pro-
duction of ethylene dibromide (184).

The reproductive history of 297 male employees manufacturing ethylene
dibromide was also summarized (185). In this limited study, reproduction
generally appeared to be unaffected by exposure to ethylene dibromide,
although one of four plants had fewer children than predicted.

2.17.4 Hygienic Standards

No threshold limit value for ethylene dibromide was recommended by the
ACGIH in 1980 although it was included in their list of animal carcinogens. It
would appear prudent to limit exposure to a maximum time-weighted average
of 5 ppm or less with careful control to minimize dermal contact.

2.17.5 Odor and Warning Properties

The odor of ethylene dibromide is not unpleasant and has been termed
"chloroformlike." The odor is not detectable at a low enough concentration to
be considered a good warning of excessive exposure.

2.18 Methyl Chloroform, 1,1,1-Trichloroethane, CAS 71-55-6

2.18.1 Uses and Industrial Exposures

* Methyl chloroform is used almost exclusively as a solvent. Worldwide con-
f sumption is about 1 billion Ib/year. Increasing consumption is due to a favorable
J combination of chemical, flammability, physical, and toxicologic properties,
i compared to many other common solvents. Most commercial methyl chloroform,
J which is sold under several trade names, contains inhibitors to prevent reaction
l of the solvent with aluminum and aluminum alloys. This reaction produces

HALOGENATED ALIPH
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Observations in Man. 1,2-Dichloroethylene was studied as an a n e s f t c n
man, apparently with some success. Only one old report of one fatality,
found (351). '

3.4.4 Hygienic Standards

The threshold limit value recommended in 1979 by the ACGIH was 200 ppm
(790 mg/m3).

3.4.5 Odor and Warning Properties

No definitive data appear available. The odor has been described as slightly
acrid.

3.5 Trichloroethylene, Acetylene Trichloride, Tri, Trilene, CAS 79-01-6

CHC1=CC12

3.5.1 Uses and Industrial Exposures

Trichloroethylene is widely used as an industrial solvent, particularly in metal
degreasing and extraction processes. It has some use as a chemical intermediate
and also as an anesthetic. By far the most likely contact with trichloroethylene
in industry is with the vapors of the material when it is used as a solvent. In
some industrial processes, such as vapor degreasing or hot extraction, the
material may be used at elevated temperatures which increase the problem of
escape of vapors into the workroom atmosphere. Deliberate inhalation of the
vapors has been reported. Under certain conditions, such as in recycling
anesthesia machines and in submarines, trichloroethylene has been decomposed
by caustic scrubbers to produce much more toxic compounds.

3.5.2 Physical and Chemical Properties

Physical state
Molecular weight
Specific gravity
Freezing point
Boiling point
Vapor pressure
Refractive index
Percent in "saturated" air
Solubility

Colorless liquid
131.4
1.45560 (25/4°C)
-86.8°C
87°C
77 torr (25°C)
1.4777 (20°C)
10.2 (25°C)
0.1 g/100 ml water at 20°C; soluble in

ethanol, ethyl ether
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exposure (548 and 3643 person-years of observation, respectively). The cancer
risk to man from trichloroethylene can by no means be ruled out from this
study, particularly with regard to uncommon malignancies such as liver cancer.
Nevertheless there is probably no serious cancer hazard at low exposures."

Numerous case reports allege diverse effects due to exposure to high
concentrations of trichloroethylene. It is difficult to evaluate these reports
because of inadequately described exposure, mixed exposures, or failure to
eliminate other causes. One poorly understood phenomena is degreaser's flush,
which occasionally occurs in the skin of the face, arms, and trunk of someone
exposed to trichloroethylene who drinks alcohol (372).

3.5.4 Hygienic Standards

he tentative threshold limit for trichloroethylene recommended by the ACGIH
in 1980 is 50 ppm (260 mg/m3). This level is probably lower than needed to
prevent beginning anesthetic effects and, based on the data presented, will
prevent liver injury or other adverse effects.

3.5.5 Odor and Warning Properties

Trichloroethylene has a typical odor that has been characterized as ethereal or
chloroformlike. It could not, however, be considered an effective warning. The
following response to various concentrations is based on industrial experience
and human studies (11).

100 ppm

200 ppm

400 ppm

1000 to 1200 ppm

2000 ppm

Odor threshold, barely perceptible to unaccli-
mated individuals

Odor apparent, not unpleasant. Transient mild
eye irritation disappearing upon cessation of
exposure

Odor very definite, not unpleasant. Slight eye
irritation. Minimal light-headedness after 3 hr

Odor very strong, unpleasant. Definite eye and
nasal irritation. Definite light-headedness, diz-
ziness after 6 min

Odor very strong, not likely to be tolerated.
Markedly irritating to the eyes and respiratory
tract. Drowsiness, dizziness, nausea in 5 min

3.6 Tetrachloroethylene, Perchloroethylene, Perc, CAS 127-18-4

CC12=CC12
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3.6.1 Uses and Industrial Exposures

Perchloroethylene is used as an industrial solvent for a number of purposes,
particularly dry cleaning and degreasing. It has been used as an a nth el min tic
in humans and animals. It also finds limited use as a chemical intermediate.

3.6.2 Physical and Chemical Properties

Physical state
Molecular weight
Specific gravity
Melting point
Boiling point
Vapor pressure
Refractive index
Percent in "saturated" air
Solubility

Flammability

Colorless liquid
165.85
1.6226(20/4°C)
-23.35°C
121.2°C
19 torr (25°C)
1.50534 (20°C)
2.5 (25°C)
0.015 g/100 ml water at 20°C; soluble

in ethanol, ethyl ether, chloroform,
benzene

Not flammable by standard tests in air

1 mg/liter o 147.4 ppm and 1 ppm o 6.78 mg/m3 at 25°C, 760
torr

3.6.3 Physiologic Response

Summary. The major response to perchloroethylene at high concentrations
is CNS depression. It is not, however, sufficiently effective to be considered a
useful anesthetic. Irritation of the eyes, nose, and throat may also be observed
at high concentrations. There are some indications of nausea and gastrointestinal
upset at high concentrations, and changes in the liver and kidneys may be seen
following excessive exposure; however, the effects are not as severe or striking
as they are from a material such as carbon tetrachloride. Relatively few
incidences of industrial problems due to exposure to perchloroethylene have
been reported. This is probably because of a number of circumstances including
low vapor pressure and toxicity. Case reports relate a very inconsistent set of
symptoms. Certainly anesthesia and, in cases of high exposure, liver injury
appear to be related to perchloroethylene. Nausea, headache, anorexia, vertigo,
dizziness.and othersYmptoms may^bepj^latedniol4h&vCNS.and^hepaucreffeas.'.
B»wir3(T^*&3fo*y*S^ '•• <":'-'-• -v.--"-I- .;-y ..- r ' , - • - : • / • - •-.^nsjjjijanon of the heart;to.epinephnne does not appear to occur,with this
compound) As for many compounds, massive doses of perchloroethylene given
by gavage have produced liver cancer in mice but not rats.
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MIGRATION AND DEGRADATION PATTER]̂
OF VOLATILE ORGANIC COMPOUNDS X

PATRICIA V. CLINE
DANIEL R. VISTE

Warzyn Engineering Inc.
Madison, Wisconsin

{Presented at the Fifth National Conference on Management of Uncontrolled Hazardous Waste Sites,
Washington, O.C. November 7 to 9, 1984).

INTRODUCTION
Volatile organic priority pollutants have been detected in

groundwater all across the country. These compounds, widely used
as solvents, are considered environmentally mobile and persistent.
Improved analytical methods using gas chromotography and/or
mass spectroscopy now allow their detection at extremely low
levels. The presence of the synthetic organics in groundwater coupl-
ed with an improved ability to detect them has resulted in increas-
ing numbers of contamination investigations.

Biodegradation is not typically an integral part of today's
groundwater investigations. There is considerable controversy
regarding whether degradation is an important factor in determin-
ing the fate of the chlorinated volatile organic priority pollutant.
Increasing evidence indicates chlorinated solvents can be degraded
in an anaerobic environment by reductive dehalogenation. It is
reported this process occurs when the oxidation/reduction poten-
tial is less than 0.35V. The sequential removal of chlorine atoms
from halogenated 1 and 2 carbon aliphatic compounds results in
formation of other volatile, chlorinated priority pollutants which
can be detected during investigations of solvent contamination.' •"

In this paper, the authors present data from a variety of sites hav-
ing documented chlorinated solvents contamination. Three types of
sites were selected to illustrate breakdown patterns which may
develop as a result of diverse environmental conditions. Data from
landfills are presented to demonstrate presence of degradation pro-
ducts in biologically active anaerobic environments. Two solvent
recovery facilities which handle both chlorinated and non-
chlorinated solvents showed similar migration and degradation pat-
terns. Finally, an industrial rite with no apparent degradation
demonstrates conditions in which reductive dehalogenation may
not be a primary degradation mechanism.

Research data indicates chlorinated solvents have varying rates
of breakdown. The data were therefore evaluated for a dominance
of compounds which show longer half-lives, including 1.2-di-
chloroethenes and vinyl chloride.4

BACKGROUND
For purposes of this evaluation, selected compounds were

designated as "parent" compounds based on their widespread use
and/or known presence at these specific sites. They include
methylene chloride, 1.1.1-triduoroethane. trichlorethene and tetra-
chloroethene.

Breakdown products are designated as compounds which would
result from reductive dehalogenation of these parent compounds
and include dichloroethanes. chloroethane, dichloroethenes and
vinyl chloride. For purposes of this evaluation, methylene chloride

is disregarded, since it is a commonly used solvent, potential
degradation product and common laboratory contaminant. Em-
phasis is placed on the ethene and ethane series because there is less
ambiguity in the assignment of parent and breakdown products.
The anaerobic breakdown sequence for the chlorinated ethenes and
ethanes via reductive halogenadon is shown beiow:
Chlorinated Ethtnes

ci

•trinj-1.2;

1.1-t

»¥tnjrl CMorldt; ( I )

Chlorinated Ethanes

:i
'—* l.l-41cniaro«tnanti (2)

1. Research indicates substantial degradation.
2. Research indicates degradation is slow.

In work performed at the Florida International University by
Parsons, Wood and DeMarco,' biodegradation of either
trichloroethene or tetrachloroethene produced higher concentra-
tions of cis- 1,2-dkhlorethene when compared to the trans-isomer.

Trans-I,2-Dichloroethene is a priority pollutant and has a lower
allowed concentration in drinking water (272 pg/1) than the os-
isomer (400 pf/D.' USEPA's rationale for selection of the trans-
isomer as the priority pollutant was based on the availability of the
analytical standard.1*
DATA PRESENTATION

In the authors' first attempts to correlate the ethene breakdown
series with data from contaminated rites, it became apparent that
the dominant dlchloroethene compound detected was trails-1,2-di-
chlorethene. The cis-isomer is not a priority pollutant and,
therefore, is not mentioned in the methods for analysis of the
volatile organic priority pollutants using Method 601 or Method
624.

These methods recommend the use of a column composed of 1 %
SP 1000 on Carbopack B. The isomer pair cannot be separated us-
ing the above column. In addition, since they have identical mass
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spectra, the isomer pair will not be differentiated by mass spec-.
trometry and will subsequently be identified as the trans-isomer.

The above theory was verified by the submittal of a standard mix
containing both the cis- and trans-isomers to a prominent
midwestern laboratory. Analysis by Method 624 found only the
trans-isomer, but the quantitated result equalled the known total of
the isomer pair.

The Michigan Department of Health can separate the cis- and
trans-isomers and, in a current investigation, has determined that
the major contaminant at a site is not trans-l,2-dichloroethene as
found by a USEPA contract laboratory, but is the cis-isomer. They
have indicated that frequently they find the cis-isomer and, if con-
centrations are high, they occasionally find traces of the trans-
isomer.

Based on this information, the authors conclude that much of
what is typically reported as the trans-isomer, which is a priority
pollutant, is in fact cis-l,2-dichloroethene. In the subsequent
evaluations, the authors will refer to these compounds as 1 ,2-di-
chlorethenes.
LandfUb

Landfills which accept municipal waste have an anaerobic en-
vironment in which substantial breakdown of compounds occurs.
At sites which have also accepted waste products containing
solvents, a number of volatile organic priority pollutants can be
detected in the leachate. The analyses of five leachate samples from
Site #\ which accepted both municipal and industrial wastes are
found in Table 1. The site also received significant quantities of
hazardous and nonhazardous liquid wastes. Based on records of
waste accepted, there is a dominance of "breakdown products" at
this site.

The amount of breakdown products detected in groundwater at
two other sites where volatile organic contaminants have migrated
off-site is shown in Table 2. Site ft is a small municipal landfill in a
sand and gravel environment and Site W is a large day-lined site
which has accepted waste similar to Site 11. At these sites, the
authors have also documented a dominance of the breakdown pro-
ducts in groundwater downgradient from the waste disposal boun-
daries.

The purpose of presenting leachate data from these landfills is to
demonstrate that in an anaerobic, high-organic matrix, one is likely
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to find compounds which are a result of reductive dehalogenation.
It is unlikely that these compounds were the dominant disposal
compounds at these sites based on site records, general production
and common use. Of particular interest is the fact that all eight of
the leachate samples from the large co-disposal facility were com-
prised of greater than 75% breakdown products.
Solve* Recovery Facilttko

Solvent recovery facilities handle a wide variety of organic com-
pounds including chlorinated solvents. In addition, varying
hydrogcologic conditions can result in complex migration patterns.
The two facilities rtiinitifri in this section differ in operation and
location, but have similarities in migration and degradation pat-
terns. Geologic and hydrologic characteristics at these solvent
recovery facilities are given in Table 3.

Table 3
Soivtw Recovery Silt Geological Owdltlou
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The analytical data for the above sites are found in Tables 4 and
5. Both sites hand led chlorinated and nonchlorinated solvents.
High concentrations of both the chlorinated and nonchlorinated
compounds were present near the on-iite handling areas. The off-
site contamination showed a dominance of the chlorinated com-
pounds. Nonchlorinated compounds detected were priority
pollutants. In cases when analyses were performed, the presence of
compounds like toluene and benzene were indicative of a much
higher concentration of other nonpriority pollutant hydrocarbons.

At the Wisconsin site, dfchlorethanes, diduorethenes and vinyl
chloride were detected in «tt"""**'* concentrations in the ground-
water. These compounds were not handled at the facility, and this
is supported by records of routine gas chromatographic analyses at
the recycting facility. Further evaluation failed to indicate the
presence of other possible sources of the breakdown products. In-
formation was not available to evaluate this question at the Con-
necticut site.

An evaluation was then performed to assess whether data from
these facilities show patterns which would be a result of anaerobic
degradation. The evaluation includes an analysis of the percentage
of breakdown products measured at the source and at a down-
gradient location.

To illustrate trends, the data have been """"iip îl in Figure 1.
Results are shown for the priority pollutant analyses for a water
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table well and piezometer located on-site that had the highest con-
centrations, as well as a downgradient water table well and
piezometer. At both of the sites, primarily horizontal hydraulic
gradients were observed during the hydrogeologicai assessment
based on water level measurements. Elevated concentrations of
contaminants were anticipated at the downgradient water table
wells.
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The figure shows the total volatile
detected at the above described well local
percentage of breakdown products com:
chlorinated ethanes and ethenes.

Both of the sites exhibited high levels of chlorinated organic con
lamination at the source. Nonchlorinated organla were also pre
sent at the sources in high concentrations, providing a non-
chlorinated carbon source. These nonchlorinated organic com-
pounds were present in highest concentrations at the water table.
At the Wisconsin site, a floating layer of fuel oil type material wa:
detected at one well.

With distance downgradient from the source, the contaminant
were detected at greater concentrations with depth even though
groundwater flow was near horizontal. There are various explana-
tions for this phenomenon, including changing groundwater flow
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Figure 1
Anaerobic Breakdown Patterns of Organic Materials

patterns, recharge or impermeable barriers which may hav<
^fiMp^r^rf wriajyrina of "n"t"nfnnntf to the water table wells.'
These panmeten wffl be evaluated further with addition*
hydrogeologic study, where funding is available.

Other explanations indudg density effects, volatilization anc
selective degradation. It is well documented that chlorinated com
pounds will sittk in the aquifer at the source when in CUCCM of the
solubility of water.' For subsequent density effects to be apparen
in the contaminated groundwater where concentrations are lower
the overall density of that solution must be greater than that 01
background water quality. Preliminary calculations indicate that a
the concentrations measured at the sites, the density dtfferenct
would not be sufficient to account for sinking of the contaminatec
groundwater plumes.

The USEPA had indfrnnl Thi* a primary environmental fate foi
these compounds in aquatic systems would be volatilization.1 Fac
ton which affect volatilization of these compounds from a ground

FATE OF CONTAMINANTS



water system include: soil porosity and temperature, depth to water
table and the various solubilities of the compounds in water.
Although it is recognized that some volatilization will occur, it is
not expected to be a primary fate of organic* at these sites.

Selective degradation is presented ai another possible explana-
tion for preferential loss of the constituents at the water table wells.
The biodegradation of chlorinated compounds may be affected by
the co-metabolism of other carbon sources. Solvent recovery
operations can provide a nonchlorinated carbon source which tends
to accumulate near the water table surface. These compounds are
typically not detected with distance from the source, due to rapid
breakdown and may be responsible for preferential loss of the
chlorinated compounds from the more shallow zone of the aquifer.

The breakdown of the chlorinated compounds can occur rapidly
in the presence of a nonchlorinated carbon source which promotes
rapid co-metabolism to dehalogenate the chlorinated compounds.
The data suggest that degradation continues to occur deeper in the
aquifer, perhaps at a slower rate.
Industrial Site

For purposes of contrast with sites which have high levels of con-
tamination and a substantial carbon source, the authors have
presented data from an industrial site having primarily sandy soils,
shallow groundwater and little or no detectable nonchlorinated
organic priority pollutants (Table 6).

TaMt«

pounds would more readily be co-metaboli
aquifer.
RECOMMENDATIONS

M I L I T
1 ND
2 13.100
3 2.660
4 7
5 1
6 ND
7 10

—— -. — .
81

2.040
410

1
2

66
12

- - - - - -
ND
230
ND
ND
ND
ND
ND

2. NO —

Three major contrasts with data from the solvent recovery
facilities are noted:
•Overall contaminant concentrations detected are lower and all
compounds an chlorinated

•A dominance of the parent compounds exists
•The plume was detected in highest concentrations at the water
table wells. The lack of a significant carbon source to promote
degradation can account for the "M*!1*! breakdown occurring
at the industrial rite

CONCLUSIONS
Parameters which would assist in determining bfodesjradation ac-

tivity are typically not incorporated Into standard hydrogeotogic in-
vestigations. A better understanding of the role of degradation
could be obtained through a more comprehensive investigative pro-
gram including biological assessment as well as the standard
groundwater flow and chemistry analyse*

Data from the authors' Investigations suggest that if a site has a
substantial carbon source, anaerobic degradation will occur,
resulting in the formation of dichloro- and monocfaloro- ethane
and ethene compound*. The presence of these compound* follows
the predictions in the literature regarding the degradability of the
parent compounds. In addition, the H^m^nm** of th» efc-jfnmfr of
1,2-dichloroethene formed during degradation will result in its
presence in these investigations rather than the priority pollutant
trans-isomer.

A floating organic layer near a contamination site may enhance
the rate of degradation near the water table as the chlorinated com-

ne of

At sites where degradation is indicated, iaa measurement
should be made to better understand the ponmtial role and con
trolling mechanisms of biodegradation. This would includ,
measurement of the overall organic content in water or soil am
measurements of oxidation reduction potential (Eh), oxygen con
centration and- plate counts of bacteria.11-12*"-14'" Densm
measurements of the contaminated groundwater will allow
clarification of potential density effects on migration patterns.
During interpretation of the data, one can evaluate the presence 01
breakdown products and the pattern of their occurrence in retailor
to the parent compounds. One should report "1,2-dichloro.
ethenes" without specifying the specific cis- or trans-isomer, unless
that specific distinction can be made by the analytical laboratory.

It is hoped that increased awareness of the conditions under
which nHMimim degradation can occur will improve the approach
and substantially increase the conclusions which can be drawn from
groundwater contamination investigations.
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20 FEET X 14 FEETX 0.5 = 140 SQUARE FEET

THIS FIGURE IS BASED ON REFERENCE NO. 17 (P. 44)

AREA DEFINED BY SOIL BORINGS NEXT TO DEGREASER TANK
BISHOP TUBE COMPANY

FRAZER, CHESTER COUNTY, PENNSYLVANIA

REFERENCE NO. 48

HALLIBURTON
Corporation

JUNE 1995



REFERENCE NO. 49



United States
Environmental Protection
Agency

Office of
Solid Waste and
Emergency Response

&EPA

>Directive 928S.7-14FS
PBS4-963311
EPA/540/F-94/028
July 1994

Using Qualified Data to
Document an Observed Release

Office of Emergency and Remedial Response
Hazardous Site Evaluation DMslon (5204G) Quick Reference Fact Sheet

Abstract

Data validation checks the accuracy of analytical data, and qualifies results that fall outside performance criteria of
the Contract Laboratory Program (CLP). Results qualified with a T are estimated concentrations that may be
biased, but may be used to determine an observed release in Hazard Ranking System (HRS) evaluation. This fact
sheet explains the conditions for use of V-qualified data, and introduces factors which compensate for variability
and enable their use in HRS evaluation.

Why Qualify Data?

Chemical concentration data for environmental
decision-making are generated using analytical
methods. EPA analytical chemistry methods are
designed to provide the definitive analyte
identification and quantitation needed to establish an
observed release under the Hazard Ranking System
(HRS). Routine operational variations in sampling
and analysis inevitably introduce a degree of error
into the analytical data. Data validation checks the
usability of the analytical dafc for HRS evaluation and
identifies the error (bias) present The validation
process qualifies the biased data. Certain types of
qualified data for release and background samples
may be used to determine an observed release.

EPA Date Qualifiers

EPA analytical methods (e.g^ SW-846 and Contract
Laboratory Program [CLP]) introduce a number of
Quality Assurance/Qualify Control (QA/QC)
mechanisms during the course of sample analysis to
measure qualitative and quantitative accuracy. w'w
Such mechanisms include matrix spikes, matrix spike
duplicates, laboratory control samples, surrogates,
blanks, laboratory duplicates, and quarterly blind
performance evaluation (PE) samples. Surrogates
and spikes are chemically similar to the analytes of
interest and thus behave similarly during the
analytical process. They are introduced or "spiked"

at a known concentration into the fip-M samples
before analysis. Comparison of the known
concentrations of the surrogates and spikes with their
analytical results measures accuracy, and may indicate
bias caused by interferences from the sample medium
(matrix effect).1-1* Laboratory control samples
contain known concentrations of target analytes and
are analyzed in the same batch as field samples.
Their results are used to measure laboratory
accuracy. Blanks are analyzed to detect any
extraneous contamination introduced either in the
field or in the laboratory. Laboratory duplicates
consist of one sample that undergoes two separate
analyses; the results are compared to determine
laboratory precision. Quarterly blind PE samples also
evaluate lab precision.

CLP and other EPA analytical methods include
specifications for acceptable identification, and
minimum and maximum percent recovery of the
target analytes and QA/QC compounds. Data are
validated accord*nft to guidelines which set
performance criteria for instrument calibration,
analyte identification, and identification and recovery
of the QA/QC compounds. "* The National
Functional Guidelines for Data Review used in EPA
validation were designed for data generated under the
CLP organic and inorganic analytical protocols.1-1*4

The guidelines do not preclude the validation of field
and nou-CLP data; many EPA Regions have adapted
the National Functional Guidelines for Data Review to
validate non-CLP data. Data which do not meet the



guidelines* performance criteria are qualified to
indicate bias or QC deficiencies. The data validation
report usually explains why the data were qualified
and indicates the direction of bias when it can be
determined. Most EPA validation guidelines use the
data qualifiers presented below. u (Other data
qualifiers besides these are in use; always check the
validation report for the exact list of qualifiers and
their meanings.)

. -u* qualifier - the analyte was analyzed for,
but was not detected above the reported
sample quantitation limit. For practical
purposes, "U" means "not detected"; the result
is usable for characterizing background
concentrations for HRS evaluation.J

• "J* qualifier - the analyte was positively
identified; the associated numerical value is
the approximate concentration of the analyte in
the sample. "J* data are biased, but provide
definitive analyte identification, and are usually
reliable. They may be used to determine an
observed release under conditions specified
later in this fact sheet5

• "N* qualifier — the analysis indicates the
presence of an analyte for which there is
presumptive evidence to make a "tentative
identification." "NT data are not sufficiently
definitive for HRS evaluation.

• "NJ* qualifier - the analysis indicates the
presence of an analyte that has been
tentatively identified" and the associated
numerical value represents its approximate
concentration. "NJ* data are not sufficiently
definitive for HRS evaluation.

• "UJ" qualifier - the analyte was not detected
above the reported sample quantitation limit
However, the reported quantitation limit is
approximate and may or may not represent the
actual limit of quantitation necessary to
accurately and precisely measure the analyte in
the sample. "UJ" non-detects are not definite;
the analyte may be present The result can be
used to document non-detects in background
samples under certain conditions.

• *R" qualifier - the sample results are rejected
due to serious deficiencies in the ability to
analyze the sample and meet quality control
criteria. The presence or absence of the

t /analyte cannot be verified. EPA does not use
"R" data because they are considered
unreliable.J

Validated data that are not qualified are unbiased,
and can be used at their reported values for HRS
evaluation.

Criteria for Determining an Observed Release with
Chemical Data

Chemical data demonstrate an observed release when
all of the following are true:

1. The release of a hazardous substance is at least
partially attributable to the site under
investigation.

2. The release sample concentration is greater than
or equal to the appropriate detection limit (e.g.,
sample quantitation limit [SQL]).

3. If background levels are below detection limits,
the release sample concentration must be greater
than its detection limit, or, if background levels
are greater than or equal to detection limits, the
release sample concentration must be at least
three times the background concentration.7

Direction of Bias in M'-Quallfled Data

It is important to understand the bias associated with
T-qualified data when using them for HRS
evaluation. "J" data may have high, low, or
indeterminate bias. A low bias means that the
reported concentration is most likely an
underestimate of the true concentration. For
example, data may be biased low when sample
holding times for volatile organic compounds (VOCs)
are exceeded or when the recovery of QA/QC
compounds is significantly less than the true amount
originally introduced into the sample. A high bias
means that the reported concentration is most likely
an overestimate of the true concentration. A bias is
indeterminate when it is impossible to ascertain
whether the concentration is an overestimate or an
underestimate. For example, an indeterminate bias
could result when matrix effects obscure QA/QC
compounds.



Qualified Data and Direction of Bias

Qualified data may be used when it can be
demonstrated that the data meet the HRS rule for
determining an observed release despite the bias in
the reported concentrations. This condition depends
on the direction of bias: low bias data may be used
for release samples, and high bias data may be used
for background samples. Low bias release samples
are underestimates of true concentration. Under-
estimated release concentrations that still meet the
HRS criteria (e.&, they are still three times
background level) clearly establish an observed
release. High bias background samples are
overestimates of background level If the
concentration of unbiased release samples still
significantly exceeds an overestimated background
level according to HRS criteria, an observed release
is dearly established. Similarly, an observed release
is established when low bias release concentrations
significantly exceed high bias background
concentrations according to the HRS criteria.

These scenarios show that low bias "/-"qualified data
may be used for release samples at their reported
concentrations, and that high bias "/-"qualified data
may be used for background samples at then-
reported concentrations.

High bias release samples may not be used at their
reported concentrations because they are an
overestimate of true concentration; the true
concentration might be less than the HRS criteria for
an observed release. The reported concentration for
low bias background concentrations may not be
compared to release samples because it is most likely
an underestimate of background level; the release
sample concentration might not significantly exceed
the background concentration. However, high bias
release data and low bias background data may be
used with factors which compensate for the variability
in the data. The factors will enable these types of
biased data to meet HRS criteria for determining an
observed release.

Factors for Biased Data: Tablet 1 through 4 (pages
6-13) present analytc-specific factors to address the
uncertainty when determining an observed release
using high bias release data and low bias background
data. The factors are derived from percent recoveries
of matrix spikes, surrogates, and laboratory control
samples in the CLP Analytical Results Database
(CARD) from January 1993 to March 1994.

The range of CARD data for each analyte includes 95
percent of all percent recoveries. Discarding outliers
left 95 percent of the CARD data available for
calculating factors. The factors are ratios of percent
recovery values at the 975 and 2 .5 percentiles. The
ratios generally show a consistent pattern.

An attempt to "convert" a biased value to its true
concentration is not recommended because the
CARD data do not differentiate and quantify
individual sources of variation. The factors are
applied as "safety factors" to ensure that biased data
can be used to meet HRS criteria for determining an
observed release. Dividing a high bias value by a
factor effectively deflates it from the high end of the
range to the low end (lc ./ bias value). Multiplying a
low bias value by the factor effectively inflates it to a
high bias value. Use of the ratio of percentiles is a
"worst-case* assumption that the data are biased by
the extent of the range of CARD data, considered.
The factors either inflate the values to the high end of
the range, or deflate the data to the low end, and thus
compensate for the apparent variability when
comparing a high bias value to a low bias value (see
Exhibit 1).

Factors have been selected for all analytes in the CLP
Target Compound List (organic analytes) and Target
Analyte List (inorganic analytes). Some organic
factors were derived from matrix spike percent
recoveries, and some from surrogate percent
recoveries, depending on availability of data. When
both matrix spike and surrogate data were available
for the same compound, the larger value
(representing more extreme high and low percent
recoveries) was used. Laboratory control samples
were used to calculate some of the inorganic factors.
A default factor of 10 was used for analytes when
percent recovery data were unavailable.

Application of the Factors: Exhibit 1 shows how to
apply the factors to "J" qualified data. High bias
background data, low bias release data, and unbiased

may be used at their reported
Multiply low bias background sample data by the
analyte-specific factor to bring them to their new
value. The new background value effectively becomes
a high bias value that may be used to determine an
observed release. Divide high bias release sample
data by the analyte-specific factor to bring them to
their new value. The new release sample value
effectively becomes a low bias result that may be used



Exhibit 1: Use of Factors (or 'J'-Qualified Data

Type of Sample

Background
Sample

Release
Sample

Type of Bias

No Bias

Low Bias

High Bias

Unknown Bias

No Bias

Low Bias

High Bias

Unknown Bias

Action Required

None: Use concentration without factor

Multiply concentration by factor
None: Use concentration without factor

Multiply concentration by factor

None: Use concentration without factor
None: Use concentration without factor

Divide concentration by factor

Divide concentration by factor

to determine an observed release. Note: Adjusted
release and background values must still meet MRS
criteria (e.g., release concentration must be at least
three times background level) to determine an observed
release.

Examples Using Trichloroethene in Soil:

2. Release sample data biased low, background
sample data biased high.

30 Mg/kg (J) low bias
10

Release sample value:
Background sample value:

ID this instance, the direction of the bias indicates
that the release sample concentration exceeds
background by more than three times, so an observed
release is established (provided all other HRS criteria
are met). Use of the factors is not needed.

Z Release sample data unbiased, background sample
data biased low.

Release sample value:
Background sample value:

30 jtg/kg no bias
10 MgAg (J) to** bias

To use the data to establish an observed release,
multiply the background sample vali c by factor given
for trichloroethene (1-3). No factor is needed for the
release sample.

New background sample value:
(10 Mg/kg) x (1.8) - 18 Mg/kg (J) high bias

The release sample concentration does not exceed the
new background level by a factor of three, so an
observed release is not established.

3. Release sample data biased high, background
sample data unbiased.

Release sample value: 75 pg/kg (J) high bias
Background sample value: 15 Mg/kg no bias

To use the data to establish an observed release,
divide the release sample value by the factor for
trichloroethene (1.8). No factor is needed for the
background sample.

New release sample value:
(75 /ig/kg) + (1.8) * 42 Mg/kg (J) low bias

The new release sample concentration does not
exceed background concentration by a factor of three,
so an observed release is not established.

4. Release sample data biased high, background
sample data biased low.

Release sample value: 100 MgAg (J) high bias
Background sample value: 10 Mg/kg (J) low bias

To use the data to establish an observed release,
divide the release sample value and multiply the
background sample value by the factor given for
trichloroethene in soil (1.8).



New release sample value:
(100 + 1-8 " 56 low bias

New background sample value:
(10 pg/kS> x (1.8) - 18 /ig/kg (J) high bias

The new release sample concentration is three times
the new background concentration, so an observed
release is established, provided all other HRS criteria
are met.

DncumenfrHnn Requirements for Use of Qualified
Data: When using T-quaJificd data to determine an
observed release, include the "J"-qualifier commentary
from the data validation report in the HRS package.
This step will ensure that the direction of bias is
documented.

Use of Other Factors: EPA Regions may substitute
higher factor values other than the ones in this fact
sheet on a case-by-case basis when technically
justified. For example, other factors may be applied
to conform with site-specific Data Quality Objectives
(DQOs) or with Regional Standard Operating
Procedures (SOPs).10

Detection Limit Restrictions: Factors may only be
applied to T data with concentrations above the CLP
Contract Required Quantitation Limit (CRQL) or
Contract Required Detection Limit (CRDL). T-
qualified data with concentrations below CLP
detection limits cannot be used to document an
observed release.

Use of 'UJ'-QtiaUned Data

A combination of the "U" and "J" qualifiers indicates
that the reported value uiay not accurately represent

the concentration necessary to detect the analyte in
the sample. Under limited conditions, "UJ" data can
be used to represent background when determining
an observed release. These conditions include
instances when there is confidence that the
background concentration has not been detected and
the sample measurement that establishes the observed
release equals or exceeds the SQL or other
appropriate detection limit. This reasoning is based
on the presence of a high bias in the background
sample. Thus, UJ data can be used only when all of
the following conditions apply:

• The "UJ" value applies to the background
sample and represents the detection limit,

• The "UJ" value is biased high, and

• The release sample concentration exceeds the
SQL (or applicable detection limit) and is
unbiased or biased low.

Summary

Data validation rhrrkt the usability of analytical data
and identifies certain errors (bias). T-qualificd data
identify that analytes are present, but the reported
values represent estimated concentrations associated
with bias. Low bias release data and high bias
background data may be used at the reported values.
High bias release data and low bias background data
may not be used at their reported concentrations
because they do not establish an observed release
with certainty. Application of factors introduced in
this tact sheet compensate for tl is uncertainty, and
enable "J" data to be used to determine an observed
release.



Table 1: Factors for Volatile Organic Anatytes

VOLATILE
ORGANIC

ANALYTES

1.1,1-TRlCHLOROETHANE

1,1,2,2-TETRACHLOROETHANE

1 . 1 ,2-TRICHLOROETHANE

1,1-OICHLOROETTW:

1.1-DICHLOROETHENE

1,2-DICHLOROETHANE

1,2-DICHLOROETHENE (TOTAL)

1,2-DICHLOROPROPANE

2-BUTANONE

2-HEXANONE

4-METHYL-2-PENTANONE

ACETONE

BENZENE

BROMODICHLOROMETHANE

BROMOFORM

BROMOMETHANE

CARBON DISULF1DE

SOIL MATRIX

Number of
CARD

Samples
Reviewed

_

11144

—

11144

2064

11144

11144

-

11144

11144

11144

11144

2060

_

—

11144

11144

Factor

10.0

1.5

10.0

1.4

2.4

1.4

1.4

10.0

1.4

1.5

1.5

1.4

1.7

10.0

10.0

1.4

1.4

WATER MATRIX

Number of
CARD

Samples
Reviewed

_

9180

—

9179

1484

9179

9179

-

9179

9180

9180

9179

1482

—

—

9179

9179

Factor

10.0

1.2

10.0

1.3

2.0

1.3

1.3

10.0

1.3

1.2

1.2

1.3

1.5

10.0

10.0

1.3

1.3



Table l: Factors for Volatile Organic Analytes (continue^,

VOLATILE
ORGANIC

ANALYTES

CARBON TETRACHLORIDE

CHLOROBENZENE

CHLOROETHANE

CHLOROFORM

CHLOROMETHANE

CIS-1 ,3-OICHLOROPROPENE

DIBROMOCHLOROMETHANE

ETHYLBENZENE

METHYLENE CHLORIDE

STYRENE

TETRACHLOROETHENE

TOLUENE

TRANS-1 ,3-OICHLOROPROFENE

TRICHLOROETHENE

VINYL CHLORIDE

XYLENE (TOTAL)

SOIL MATRIX

Number of
CARD

Samples
Reviewed

—

2058

11144

11144

11144

—

—

11144

11144

11144

11144

2029

—

2046

11144

11144

Factor

10.0

1.6

1.4

1.4

1.4

10.0

10.0

1.5

1.4

1.5

1.5

2.0

10.0

1.8

1.4

1.5

WATER MATRIX

Number of
CARD

Samples
Reviewed

_

1480

9179

9179

9179

-

-

9180

9179

9180

9180

1468

-

1452

9179

9180

Factor

10.0

1.4

1.3

1.3

1.3

10.0

10.0

1.2

1.3

1.3

1.2

1.4

10.0

1.5

1.3

1.2

u



Table 2: Factors for Semivotatile Organic Analytes "^'J "^

SEMIVOLATILE
ORGANIC
ANALYTES

1 ,2,4-TRICHLOROBENZENE

1,2-DICHLOROBENZENE

1.3-DICHLOROBENZENE

1 ,4-DICHLOROBENZENE

2,2'-OXYBIS(1-CHLOROPROPANE)

2.4.5-TRICHLOROPHENOL

2,4,6-TRICHLOROPHENOL

2,4-DICHLOROPHENOL

2,4-DIMETHYLPHENOL

2.4-OINITRQPHENOL

2,4-DINITROTOLUENE

2,6-OINITROTOLUENE

2-CHLORONAPKTHALENE

2-CHLOROPHENOL

2-METHYLNAPHTHALENE

2-METHYLPHENOL

2-NITROANILJNE

2-NITROPHENOL

3.3'-DlCHLOROBENZIDtNE

3-NITROANIUNE

4,6-DINrrRO-2-MErHYLPHENOL

4-BROMOPHENYL-PHENYL ETHER

4-CHLORO-3-METHYLPHENOL

4-CHLOROANIUNE

4-CHLOROPHENYL-PHENYL ETHER

4-METHYLPHENOL

SOIL MATRIX

Number of
CARD

Sample*
Reviewed

1978

11899

11899

1980

11899

11889

11889

11896

11896

11889

1979

11889

11889

1930

11896

11899

11889

11896

11898

—

—

—

1927

11896

11899

11899

Factor

3.5

3.8

3.8

3.8

3.8

8.9

8.9

4.0

4.0

8.9

3.4

8.9

8.9

3.2

4.0

3.8

8.9

4.0

4.3

10.0

10.0

10.0

3.6

4.0

8.9

3.8

WATER MATRIX

Number of
CARD

Samples
Reviewed

1375

7951

7951

1373

7951

7952

7952

7949

7949

7952

1375

7952

7952

1376

7949

7951

7952

7949

7951

-

-

-

1375

7949

7952

7951

Factor

2.9

4.0

4.0

3.0

4.0

3.6

3,6

2.5

2.5

3.6

2.6

3.6

3.6

2.9

2.5

4.0

3.6

2.5

6.0

10.0

10.0

10.0

3.5

2.5

3.6

4.0



Tabla 2: Factors for Semivolatile Organic Analytes (continued)

SEMIVOLATILE
ORGANIC
ANALYTES

4-NITROANIUNE

4-NITROPHENOL

ACENAPHTHENE

ACENAPHTHYLENE

ANTHRACENE

BENZO(A)ANTHRACENE

BENZO(A)PYRENE

BENZO(B)FLUORANTHENE

BENZO(Q,H.I)PERYL£NE

BENZO(K)FUUORANTHENE

BIS(2-CHLOROETHOXY)METHANE

BIS(2-CHLOROETHYL)ETHER

BIS(2-ETHYLHEXYL)PHTHALATE

BUTYLBENZYU'HTHAUTE

CARBAZOLE

CHRYSENE

DI-N-8UTYLPHTHALATE

DI-N-OCTYLPHTHALATE

DIBENZ(A,H)ANTHRACENE

DIBENZOFURAN

DIETHYLPHTHALATE

DIMETHYUPHTHALATE

FLUORANTHENE

FLUORENE

HEXACHLOROBENZENE

HEXACHLOROBUTADIENE

HEXACHLOROCYCLOPENTADIENE

SOIL MATRIX

Number of
CARD

Samples
Reviewed

11689

1905

196S

11889

—

11898

—

-

-

—

11896

11899

11898

11898

-

11898

-

-

11889

11889

11889

11889

-

11889

-

11896

11889

Factor

8.9

4.8

3.1

8.9

10.0

4.3

10.0

10.0

10.0

10.0

4.0

3.8

4.3

4.3

10.0

4.3

10.0

10.0

8.9

8.9

8.9

8.9

10.0

8.9

10.0

4.0

8.9

WATER MATRIX

Number of
CARD

Samples
Reviewed

7952

1368

1361

7952

—

7951

—

—

—

—

7949

7951

7951

7951

—

7951

-

—

7952

7952

7952

7952

—

7952

—

7949

7952

Factor

3 A H.0 u

45 HH

3.0

3 A 1.O j

10.0

6.0

10.0

10.0 |

10.0

10.0 I

2.5

4.0

6.0

6.0

10.0 ||

6.0 H

10.0

10.0

3.6.
3.6

3.6

10.0

3.6

10.0 tt

2.5

3.6 I

IF



Table 2: Factors for Semivolatile Organic Anatytes (continued)

SEMIVOLATILE
ORGANIC
ANALYTES

HEXACHLOROETHANE

4-NITROPHENOUNDENO(1,2,3-CD)PYRENE

ISOPHORONE

N-NITROSO-OI-N-PROPYLAMINE

N-NITROSODIPHENYLAMINE (1^

NAPHTHALENE

NITROBENZENE

PENTACHLOROPHENOL

PHENANTHRENE

PHENOL

PYRENE

SOIL MATRIX

Number of
CARD

Samples
Reviewed

11899

-

11896

1966

-

11896

11896

1895

-

1924

1901

Factor

3.8

10.0

4.0

3.7

10.0

4.0

4.0

18.8

10.0

3.2

8.3

WATER MATRIX

Number of
CARD

Samples
Reviewed

7951

—

7949

'345

_

7949

7949

1359

_

1368

1369

Factor

4.0

10.0

2.5

3.7

10.0

2.5

2.5

3.7

10.0

3.5

4.9

10



Table 3: Factors for Pesticide/PCB Analytes

PESTICIOE/PCB
ANALYTES

4,4'-DDD

4.4'-DDE

4,4'-DDT

ALDR1N

ALPHA-BHC

ALPHA-CHLORDANE

AROCLOR-1016

AROCLOR-1221

AROCLOR-1232

AROCLOR-1242

AROCLOR-1248

AROCLOR-1254

AROCLOR-1260

BETA-BHC

DELTA-BHC

DIELDRIN

SOIL MATRIX

Number of CARD
Samples Reviewed

—

—

1801

1870

—

—

—

—

—

—

—

—

—

—

—

1886

Factor

10.0

10.0

7.4

7.9

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

6.2

WATER MATRIX

Number of CARD
Samples Reviewed

—

—

1353

1350

—

—

23305

23305

23305

23305

23305

23305

23305

—

—

1350

Factor

10.0

10.0

4.6

4.8

10.0

10.0

8.7

8.7

8.7

a7
8.7

8.7

8.7

10.0

10.0

2.8

11



Table 3: Factors (or Pestfcida/PCB Anaiytes (continued)

PESTICIDE/PCB
ANALYTES

ENDOSULFAN 1

ENDOSULFANII

ENDOSULFAN SULFATE

ENDRIN

ENDRIN ALDEHYDE

ENDRIN KETONE

QAMMA-BHC (UNDANE)

GAMMA-CHLORDANE

HEPTACHLOR

HEPTACHLOR EPOXIDE

METHOXYCHLOR

TOXAPHENE

SOIL MATRIX

Number of CARD
Samples Reviewed

-
_

—

1866
_

_

1872

—

1877

—

—

-

Factor

10.0

10.0

10.0

8.5

10.0

10.0

4.5

10.0

4.5

10.0

10.0

10.0

WATER MATRIX

Number of CARD
Samples Reviewed

_

_

_

1348

—

_

1350

—

1351

—

—

-

Factor

10.0

10.0

10.0

3.4

10.0

10.0

3.1

10.0

3.6

10.0

10.0

10.0

12



Table 4: Factors for Inorganic Analytes

INORGANIC
ANALYTES

ALUMINUM

ANTIMONY

ARSENIC

BARIUM

BERYLLIUM

CADMIUM

CALCIUM

CHROMIUM

COBALT

COPPER

CYANIDE

IRON

LEAD

MAGNESIUM

MANGANESE

MERCURY

NICKEL

POTASSIUM

SELENIUM

SILVER

SODIUM

THALLIUM

VANADIUM

ZINC

SOIL MATRIX

Number of CARD
Samples Reviewed

1147

1153

1208

1149

1150

1148

1163

1148

1153

1154

884

1149

1331

1143

1151

1563

1150

-

1190

1152

—

1197

1152

1154

Factor

1.5

1.8

1.6

3.3

1.2

1.3

1.2

1.2

1.2

1.1

1.4

1.2

1.3

1.2

1.2

1.7

1.2

10.0

2.3

1.6

10.0

1.7

1.2

1.3

WATER MATRIX

Number of CARD
Samples Reviewed

1686

1688

1701

1686

1686

1685

1685

1686

1685

1683

—

1687

1727

1686

1685

_

1685

_

1695

1684

_

1691

1685

1689

Factor

1.2

1.2

1.2

1.1

1.2

1.2

1.1

1.2

1.2

1.2

10.0

1.2

1.2

1.1

1.2

10.0

1.2

10.0

1.3

1.3

10.0

1.2

1.1

1.2

13
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I
I

Hazardous Waste Listing Background Documenti

i

INTRODUCTION

Subtitle C of the Solid Waste Disposal Act, AS amended

by the Resource Conservation and Recovery Act of 1976 creates

a comprehensive "cradle-to-grave" management control system

I for the disposal of hazardous wastes designed to protect the

public health and the environment from the improper dispos.il

* of such waste. Section 3001 of that Subtitle requires EPA to

| identify the characteristics of and list hazardous wastes.

Wastes identified or listed as hazardous will be Included In

I the management control system created by Sections 3002-3006

. and 3010. Wastes not identified or listed will be subject to

the requirements for non-hazardous waste Imposed by the States

under Subtitle T).

Hazardous Waste List

The purpose of the hazardous waste list as required by

Section 3001 of RCRA Is to identify those wastes which may

present a potential hazard to human health or the environment.

The waste so Identified is considered hazardous (unless It

has been excluded from the list under $$260.20 and 260.22)

and subject to the Subtitle C regulations. A solid waste,

or class of solid wastes is listed If the waste:

(1) exhibits any of the characteristics identified in

Subpart C of the final regulations; or

-i-



(2) meets the definition of 5261 .ll(a)(2) of the regu-

lations (I.e., may cause or significantly contri-

bute to, an Increase in mortality or an Increase

in serious irreversible, or incapacitating rever-

sible, illness) and thus, presents an acute hazard

to humans; or

(3) contains any of the toxic constituents listed In

Appendix VIII of Part 261 unless, after considering

any of a number of factors, the Administrator con-

cludes that the waste will not meet the criterion

of §261.11(a)(3) (i.e., nay pose a substantial

present or potential hazard to human health or the

environment when it is Improperly treated, stored,

transported, disposed of or otherwise managed).

The Agency considered several approaches for formulating

the list. The approaches can be broken dovn Into three main

types:

* Hazardous Waste from Non-Specific Source* - these

are waste* which are generated from a number of

different sources (i.e., electroplating, etc*)

* Hazardous Waste from Specific Sources - these are

wastes which would be generated from a very specific

source (i.e., distillation bottoms from the produc-

tion of acetaldehyde from ethylene, etc.)

-ii-



I
I ° Conmerc tal Chemical Products •* chess are a list of

commercial chemical products or manufacturing

I chemical intermediates which if discarded either

as the commercial chemical or nanufacturing chemical

I intermediate itself; off-specification commercial

• chemical products or manufacturing chemical Inter-

mediates; any container or inner liner removed

I from a container that has been used to hold these

commercial chemical products or manufacturing

• ^ chemical intermediate unless decontaminated; or

• any residue or contaminated soil, water or other

debris resulting from the clean-up of a spill

J into or on any land or water, of these commercial

_ chemical product* or manufacturing chemical Inter-

• mediate* are hazardous wastes.

I (This listing background document will cover the first two

• categories; the third category of hazardous waste Is discussed

in the background document entitled, "Hazardous Waste from

I Discarding of Commercial Chemical Products and the Containers

and Spill Residues Thereof."

HAZARDOUS WASTE FROM NON-SPECIFIC AND SPECIFIC SOURCESI
On May 19, 1980, as part of its final and Interim final

I regulations Implementing Sections 3001 of RCRA, EPA published

i



a list of hazardous wastes which included 85 wastes from

manufacturing processes (§§261.31 and 261.32, 45 FR 33123-

33124). These lists were published In interim final form to allow

the public an opportunity to comment on additional data the

Agency had collected on these wastes since the close of the

initial public comment period on the proposed Subtitle C

regulations (43 FR 58957-58959, December 18, 1978).

At the same time, the Agency also proposed for comment

eleven additional hazardous waste listings (45 FR 33136-33137,

May 19, 1980). All of these wastes were identified by the

Agency In the course of developing the necessary technical

data to support the May 19, 1980, interim final hazardous

waste list.

The background data used to support these listings came

primarily from two sources. The majority of this data or

Information comes from studies undertaken by the Agency or

data available to the Agency (i.e. , industry assessment

studies conducted by the Office of Solid Waste, effluent

guidelines studies conducted by the Office of Water Planning

and Standards, health effects and fate and transport data

compiled by the Office of Research and Development and Office

of Water Planning and Standards, damage assessments and

Incidents compiled by the Office of Solid Waste, etc.)*.

*Itshould be noted that a number of these documents (e.g.,
pesticide waste background documents) contain confidential
information. This data has been removed from the document
and will not be made available to the public. This data,
however, Is part of the Administrative record and Is induced
in the Agency* s case to support the listing.
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I
The second source of data came from information collected

I from State Agencies (i.e., manifest data, etc.).

The Agency received a large number of comments on both

• the interim final and proposed hazardous waste listings. We

1 have evaluated these comments carefully and responsed in

detail in the listing background documents. The respective

I listing background documents have aljo been revised as

_ appropriate and are now "final-final" documents.

i
i
i
i
i

i
i
i
i
i
i
i
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Table of C on tents

Background Document Page

1. Wastes From Usage of Halogenated Hydrocarbon .......... 1
Solvents in Degreasing Operations

The following spent halogenated solvents
used in degreasing: tetrachloroethylene,
trichloroethylene, raethylene chloride
1,1,1-trichioroe thane , carbon tetrachlorIde,
and chlorinated flucrocarbons; and sludges
from the recovery of these solvents in de-
greasing operations (T)

2. Wastes from Usage of Organic Solvents ................. 29

- The following spent halogenated solvents:
tetrachloroethylene, methylene chloride,
trIchloroethylene, 1,1,1-trichloroethane,
chlorobenzene, 1,1,2-trichloro-l,2,2-tr1-
fluoroe thane, ortho-dichlorobenzene, and
trichlorofluoromethane; and the still
bottoms from the recovery of these solvents (T)

- The following spent non-halogenated solvents:
xylene, acetone, ethyl acetate, ethyl
benzene, ethyl ether , methyl 1sobutyl
ke tone, n-butyl alcohol, eyelohexanone,
and methanol; and the still bottoms from
the recovery of these solvents (I)

The following spent non-halogenated solvents:
ereso Is and cresyllc acid and nitrobenzene;
and the still bottoms from the recovery of
these solvents (T)

The following spent non-halogenated solvents:
toluene, methyl ethyl ketone, carbon.dlsulfIde,
isobutanol, and pyrIdlne; and the still
bottoms from the recovery of these solvents
(I.T)

3* Electroplating and Metal Finishing Operatione ......... 105

Wastewater treatment sludges from electroplating
operations except from the following processes:
(1) sulfurlc ac id anodizing of aluminum; (2)
tin plating on carbon steel; (3) zinc plating
(segregated basis) on carbon steel; (4) aluminum
or zinc-aluminum plating on carbon steel;
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I
I
1
• 4. Spent Waste Cyanide Solutions and Sludges ............. 144

1 Spent cyanide plating bath solutions from
electroplating operations (except for precious
metals electroplating spent cyanide plating
bathsolutions)(R,T)_

i
i
i
i
i

i
i

(5) cleaning/stripping associated with tin,
zinc and aluminum plating on carbon steel;
and (6) chemical etching and milling of
aluminum (T)

Wastewater treatment sludges from the chemical
conversion coating of aluminum (T)

Plating bath sludges from the bottom of
plating baths from electroplating
operations where cyanides are used In the
process (except for precious metals electro-
plating plating bath sludges) (R,T)

Spent stripping and cleaning bath solutions
from electroplating operations where cyanides
are used in the process (except for precious
metals electroplating spent stripping and
cleaning bath solutions) (R,T)

Quenching bath sludge from oil baths from
metal heat treating operations where cyanides
are used In the process (except for precious
metals heat treating quenching- bath sludges)
(R,T)

Spent cyanide solutions from salt bath pot
cleaning from metal tre-atlng operations
(except for precious metal heat treating
spent cyanide solutions from salt bath
pot cleaning) (R,T)

Quenching vastewater treatment sludges from
metal heat treating operations where cyanides
arc used In the process (except for precious
metals heat treating quenching wastewater
treatment sludges) (T)

CyanidatIon wastewater treatment tailing pond
sediment from mineral metals recovery opera-
tions (T)

i
i
i
i

Spent cyanide bath solutions from mineral
1 metals recovery operations (R,T)
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5. Chromium Pigments and Iron Blues ...................... 1TO

W a s t e w a t e r t r e a t m e n t s ludge f r o m the pro-
duc t ion of chrome yellow and orange pigments (T)

W a s t e w a t e r t r e a t m e n t s ludge f r o m the pro-
d u c t i o n of molybda te orange p igmen t s (T)

W a s t e w a t e r t r ea tmen t s ludge f r o m the pro-
d u c t i o n of z inc yel low p igmen t s (T)

Wastewa te r treatment sludge f rom the pro-
duct ion of chrome green p igments (T)

Wastewater t reatment sludge from the pro-
d u c t i o n of chrome oxide green pigments
( a n h y d r o u s and h y d r a t e d ) (T) 'i
Wastewater treatment sludge from the pro-
duction of Iron blue pigments (T) <

Oven residue from the production of chrome
oxide green pigmentt(T) .

6. Acetaldehyde Production ............................... 216

Distillation bottoms from th« production of I
•cetaldehyde from ethylene (T) >

Distillation •Ida-cuts from the production I
of acetaldehyde from ethylene (T) [

7. Acrylonitrlie Production .............................. 237 •

Bottom stream from the wastewater stripper
in the production of acrylonltr11* (R,T)

Bottom stream from the acetonltrlle column *
in the production of acrylonltrlie (R,T)

Bottoms from the ace tonitrlie purification
column In the production of acrylonitrlie (T)

8. Benzyl Chloride Production ............................ 259 |

Still bottoms from the distillation of benzyl
chloride (T) i

-viii- i
i



I
I

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I

-9. Carbon Tecrachloride Production ....................... 273

Heavy ends or distillation residues from the
g product ion of carbon tetrachloride (T)

10. Epichlorohydrln Production ............................ 301

Heavy ends (still bottoms) from the puri-
fication column in the production of
epichlorohydrin (T)

11. Ethyl Chloride Production ............................. 320

Heavy ends from the fractionation column
In ethyl chloride production (T)

12. Ethylene Dichlorlde and Vinyl Chloride Monomer Pro- ... 336
due Cion

Heavy ends from the distillation of ethylene
diehlor ide in ethylene die hioride production (T)

Heavy ends from the distillation of vinyl
chlor ide in vinyl chloride monomer production (T)

13. Fluorocarbon Production ............................... 372

• - Aqueous spent antimony catalyst waste from
fluoromethanes production (T)

14. Phenol/Acetone Production ............................. 389

Distillation bottom tar« from the production
of phenol/acetone from cumene (T)

15. Phthalic Anhydride Production ......................... 404

Distillation light ends from the production
of phthallc anhydride froa naphthalene (T)

Distillation bottoms from the production
of phthalic anhydride from naphthalene (T)

Distillation light ends from the production
of phthallc anhydride from ortho-xylene (T)

Distillation bottoms from the production
of phthallc anhydride from ortho-xylene (T)
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16. Nitrobenzene Production ............................... 423

Distillation bottoas from the production of
nitrobenzene by che nitration of benzene (T)

17. Methyl Ethyl Pyrldine Production ...................... 435

Stripping at 111 tails from the production
of methyl ethyl pyrldlne (T)

18. Toluene Dilsocyanate Production ....................... 451

Centrifuge and distillation residues from
toluene diiaocyanate production (R,T)

19. Trichloroethane Production ............................ 469

Spent catalyst from the hydrochlorInator
reactor In the production of l.l^l-trl^
chloroethane via the vinyl chloride
process (T)

Waste from the product steam stripper in
the production of 1»1,1-trichloroethane (T)

Distillation bottoms froa the production
of 1,1,1-trIchloroethane (T)

Heavy ends from the heavy ends column from
the production of 1,1,1-trIchloroethane (T)

20. Trichloroethylene and Perchloroethylene Production .... 505

- Column bottoms or heavy ends from the com-
bined production of trichloroethylene and
perchloroethylene (T)

21. MSMA and Cacodylic Acid Production .................... 529

By-product salts generated in the production
of MSMA and cacodylic acid (T)

22. Chlordaae Production .................................. 552

tfastevater and scrub water from the chlorl-
natioD of cyclopentadlene in the production
of chlord»n« (T)
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Was tewater treatment sludges from the pro-
ductlon of chlordane (T)

Filter solids from the filtration of hexa-
chlorocyclopentadiene in the production
of chlordane (T)

Vacuum stripper discharge from the chlordene
chlorinator In the production of chlordane (T)

23. Disulfoton Production ................................. 573

Still bottoms from toluene reclamation
distillation in the production of disulfo-
ton (T)

Wastewater treatment sludges from the pro-
duction of dlsulfoton (T)

24. Fho rate Production .................................... 585

Wastewater treatment sludges from the pro-
duction of phorate (T)

Filter cake from the filtration of diethyl-
pho s phor odi.thlo ic acid in the production
of phorat* (T)

Wastewater froo the washing and stripping
of phorate production (T)

25. Toxaphene Production .................................. 597

Wastewater treatment sludge froa the pro-
duction of toxaphene (T)

Untreated process wastewater from the pro-
duction of toxaphene (T)

26. 2,4,5-T Production .................................... 609

Heavy ends or distillation residues from
the distillation of tetrachlorobenzene In
the production of 2,4,5-T (T)

-xi-



27. 2,4-D Production

2,6-Dichlorophenol waste from the produc-
tion of 2,4-D (T)

Uncreated vastevater from the production
of 2,4-0 (T)

28. Explosives Industry ......*...*...,.................... 640

Wastewater treatment sludges from the manu-
factur ing and processing of explosives (R)

Spent carbon from the treatment of waste-
water containing explosives (R)

Wastewater treatment sludges from the manu-
facturing, formulation and loading of lead-
based Initiating compounds (I)

Pink/red water from TNT operations (R)

29. Petroleum Reflnlg .................................... 677

Dissolved air flotation (DAF) float from the
petroleum refining Industry (T)

Secondary (emulsified) oil/solids/water
separator sludge In the petroleum refining
Industry (proposed) (T)

Slop oil emulsion solids from the petroleum
refining Industry (T)

Heat exchanger bundle cleaning sludge from
the petroleum refining industry (T)

API separator sludge from the petroleum re-
fining Industry (T)

Primary oil/solids/water separation sludge in
the petroleum refining Industry (proposed) (T)

Tank bottoms (leaded) from the petroleum re-
fining Industry (T)

-xli-
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30. Coking ................................................ 720

Ammonia still lime sludge from coking opera-
tions (T)

31. Electric Furnace Production of Steel .................. 734

Emission control dusts/sludges from the
primary production of steel in electric
furnace (T)

32. Steel Finishing ....................................... 753

Spent pickle liquor from steel finishing
operations (C,T)

33. Primary Copper Smelting and Refining .................. 775

Acid plant blowdown slurry/sludge resulting
from the thickening of blowdown slurry from
primary copper production (T)

34. Primary Lead Smelting ................................. 792

Surface impoundent solids contained in and
dredged from surface impoundments at pri-
mary lead smelting facilities (T)

35. Primary Zinc Smelting and Refining ...*................ 810

Sludge from treatment of process wastewater
and/or acid plant blowdown from primary
zinc production (T)

Electrolytic anode slimes/sludges from primary
zinc production (T)

Cadmium plant leach residue (iron oxide) from
primary zinc production (T)

36. Secondary Lead Smelting ............................... 832

Emission control dust/sludge from
secondary lead smelting (T)

Waste leaching solution from acid
leaching of emission control dust/
sludge from secondary lead smelting (T)

-xlii-



LISTING BACKGROUND DOCUMENT

Wastes from Usage of Halogenated Hydrocarbon
Solvents in Degreasing Operations

The following spent halogenated solvents used in degreasing:
tetrachloroethylene, methylene chloride, trichloroethylene,
1,1,1-trichloroethane, carbon tetrachloride and the chlorinated
fluorocarbons; and sludges from the recovery of these solvents
in degreasing ooerations.(T)*,**,***

I. SUMMARY OF BASIS FOR LISTING

Solvent degreasing operations remove grease, wax, dirt,

oil, and other undesirable substances from various materials.

All degreasing facilities which use the halogenated hydro-

carbon solvents listed above generate spent solvent solutions

which are either discarded or processed to recover the solvent

from the spent solution. Spent solvents Include those which

are no longer useful without further processing, either

because they have outlasted their shelf life or because they

have been contaminated, or so changed chemically or physically

that they are no longer useful aa solvents. The recovery

operations invariably generate solvent sludges*

* In December, 19/8, the Agency proposed a generic listing
for this class of wastes.

** These solvents are often marketed under various trade
marks; the listing obviously Includes all trade mark
solvents which have the generic chemical name listed
above. Another point of consideration is that different
nanes may be used to refer to the sane solvent:

tetrachloroethylene - perchloroethylene
1,1,1-trlchloroethane * methyl chloroform
carbon tetrachlorlde - tetrachloromethane
methylene chloride * dlchloromethane
trichloroethylene - 1,1,2-trichloroethylene

*** In response to industry comments, It should be noted
that the Agency Is no longer listing these wastes on
the basis of ignltability or EP toxlcity. However, these
solvents may be contaminated with metals (I.e., lead and
chromium) in the degreasing operations; therefore, the
generator will be responsible for determining whether the
waste would also meet the EP toxicity characteristic.



REFERENCE NO. 51



Hawley 's

Condensed Chemical ; 1

Dictionary

TWELFTH EDITION

Revised by

Richard J. Lewis, Sr.

VAN NOSTRAND REINHOLD COMPANY
New York



Inaf
help i

eigh

Copyright © 1993 by Van Nostrand Reinhold

Library of Congress Catalog Card Number 92-18951
ISBNO-442-OII31-8

All rights reserved. Certain portions of this work© 1930, 1920, 1919 by The Chemical Catalog Co., Inc., and
1987, 1981, 1977,1971, 1966, 1956, 1950 by Van Nostrand Reinhold. No part of this work covered by the copyright
hereon may be reproduced or used in any form or by any means—graphic, electronic, or mechanical, including pho-
tocopying, recording, taping, or informational storage and retrieval systems—without written permission of the
publisher.

Printed in the United States of America

Published by Van Nostrand Reinhold
115 Fifth Avenue
New York, NY 10003

Chapman and Hall
2-6 Boundary Row
London, SE1 8HN

Thomas Nelson Australia
102 Dodds Street
South Melbourne 3205
Victoria, Australia

Nelson Canada
1120 Birchmount Road
Scarborough, Ontario MIK 5G4, Canada

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Library of Congress Cataloging-in-Publication Data

Condensed chemical dictionary.
Hawley's condensed chemical dictionary.—12th ed./revised by

Richard J. Lewis, Sr,
p. cm.

ISBN 0-442-01131-8
I. Chemistry—Dictionaries. I. Hawley, Gessner Goodrich, 1905-1983
II. Lewis, Richard J.,Sr. III. Title.

QD5.C5 1992
540'.3—dc20 92-18951

C1P

In me

Spe



Contents

INTRODUCTION
ABBREVIATIONS
CONDENSED CHEMICAL DICTIONARY

APPENDIX I: ORIGIN OF SOME CHEMICAL TERMS
APPENDIX II: HIGHLIGHTS IN THE HISTORY OF CHEMISTRY
APPENDIX III: MANUFACTURERS OF TRADEMARKED PRODUCTS

(Alphabetical List)

IX
xiii

1

1255

1262

1268



phytosterol.
See sterol.
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braces the study of plant hormones or growth pico-. Prefix meaning 10~12 unit (symbol = p);
regulators (auxin, gibberellin, synthetic types). e.g., 1 pg = 1 picogram = 10~ i :gram.

phytol. CAS: 150-86-7. C20HWO. An alcohol
obtained by the decomposition of chlorophyll.

Properties: Odorless liquid; bp 202-204C (10 mm
Hg); d 0.8478 (25/4C); soluble in the common
organic solvents; insoluble in water. Combusti-
ble.

Use: Synthesis of vitamins E and K.

phytonadione. (2-methyl-3-phytyl-l ,4-naphtho-
quinone; vitamin K,). CH3C|oH4O:C20H39.

Properties: Clear, yellow, viscous, odorless liq-
uid. D 0.967 (25/25C), refr index 1.5230-1.5252
(25C), stable in air. Protect from sunlight!! In-
soluble in water; soluble in benzene, chloro-
form, and vegetable oils; slightly soluble in alco-
hol.

Derivation: Synthetically from 2-methyl-l,4-
naphthoquinone and phytol.

Grade: USP.
Use: Food supplement.

Sterol alcohols from plants.

pi bond. A covalent bond formed between atoms
by electrons moving in orbitals that extend
above and below the plane of an organic mole-
cule containing double bonds. A double bond
consists of one pi and one sigma bond and a tri-
ple bond consists of one sigma and two pi
bonds.

See also metallocene, orbital theory.

pickle alum. See aluminum sulfate.

_______ A waste solution of metal salts re-
uiting trom the cleaning of metals with acids.

) Removal of scale, oxides, and other
from metal surfaces by immersion in

an inorganic acid, usually sulfuric, hydrochlo-
ric, or phosphoric. Rate of scale removal varies
inversely with concentration and temperature;
the usual concentration is 15% at or above
100C. The rate is also increased by electrolysis,
(2) A method of food preservation involving use
of salt, sugar, spices, and organic acids (acetic).
(3) Preserving or preparing hides for tanning by
immersion in a 6-12°7b salt solution, together
with enough acid to maintain pH at 2.5 or less.

picloram. (4-amino-3,5,6-trichloropicolinic
acid). CAS: 1918-02-1. C6HjCl,N2O2.

Properties: Crystalline solid, mp 218C.
Hazard: Toxic by ingestion and inhalation. Use
has been restricted. TLV: 10 mg/mj of air.

Use: Herbicide and defoliant.

picocurie. One trillionth (I0~ i ;) of a curie. A
standard measure of the intensity of radiation.

a-picoline. (2-methylpyridine;2-picoline).
CAS: 109-06-8.

CjH4N(CH3) or NC(CH3)CHCHCH
Properties: Colorless liquid, strong unpleasant
odor, d 0.952, bp 129C, fp -69.9C, refr index
1.4957 (20C), miscible with water and alcohol,
Hash p (OC) 102F (39C), autoign temp 1000F
(537C). Combustible.

Derivation: From cyclohexylamine plus ammo-
Jiia and zinc chloride, also from coal tar and
bone oil.

Hazard: Moderate fire risk, irritant.
Use: Organic intermediate for pharmaceutical,
dyes, rubber chemicals, solvent, source for vinyl
pyridine, laboratory reagent.

0-picoline. (3-methyIpyridine; 3-picoline).
CAS: 108-99-6.

CH,

Properties: Colorless liquid, unpleasant odor, bp
143.5C, fp -18.3C, d 0.9613 (15/4C), refr
index 1.5060 (20C). Soluble in water, alcohol,
and ether. Combustible.

Derivation: From cyclohexylamine plus ammo-
nia and zinc chloride, also from coal tar and
bone oil.

Hazard: Moderate fire risk, irritant.
Use: Solvent in synthesis of pharmaceuticals, res-
ins, dyestuffs, rubber accelerators, insecticides;
preparation of nicotinic acid and nicotinic acid
amide, waterproofing agents; laboratory re-
agent.

7-picoline. (4-methylpyridine; 4-picoline).
CAS: 108-89-4.

NCHCHC(CH3)CHCH.
Properties: Colorless, moderately volatile liquid.
D 0.957 (15/4C), bp 144.9C, refr index 1.5050
(20C), mp 3.8C. Soluble in water, alcohol, and
ether. Flash p (OC) 134F (56.6C). Combustible.

Derivation: From cyclohexylamine plus ammo-
nia and zinc chloride, also from coal tar and
bone oil.

Hazard: Moderate fire risk, irritant.
Use: Solvent in synthesis of pharmaceuticals, res-
ins, dyestuffs, rubber accelerators, pesticides
and waterproofing agents; laboratory reagent;
making isoniazid; catalyst; curing agent.
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814-3S9-2754

COMMONWEALTH OF PENNSYLVANIA; : : : '
PENNSYLVANIA FISH COMMISSION :.: :.

of Flsh«riej and Bng in*fir ing
Robinson Jjtne

Btllefcnta, PA 16823
March I I

\St9Bl

.

- -
Mr. Charles Rehm
Planning Engineer '
Regional Environmental Protection Office
Department of Environmental. Resources
1875 New Hope Street / ,
Norristown, PA 19401 /

/
Hear Mr. Rehm: /

We have a question i c t a t i n ^ to i n d u s t r i a l waste discharge app l i ca t ion
PA-0013641, SIC 3317, for the B i ' hop Tuhc Compiny, Fraser , Pa . , as pub-
lished in the Pennsylvania B u l l e t i n . Would you please c l a r i f y the ju i - t i -
fication for the dTscharpe l i m i t r f t i o r . of t in 1*!- for the desipn f low of
0.102 MOD to LitUe V a l l e y CrecV , Chester County, which has a low flow
equal to 0.04 CF«.

Our concert in t h i s matter stems from the fact that Area Fisheries
Onager Michael Kaufmann has recently found w i l d brown tro- i t >oung of the
year in thiS'tftrean and was prepar ing to recommend its reclassif i ca t ion
from trout jncked water to co ldwnte r f i s h e r v ,

case, the temperature l i m i t . i r i o n seems ext remely" Whatevef
to our staff.

Thank you

cc: M i l l e r
Snvder *
Mi her f
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-"'JS7-I710

Water Resources Data
Pennsylvania
Water Year 1992
Volume 1. Delaware River Basin
by K.E. White, T.E. White, R.L. Druther, and P. Moleski

Volume 2.
Susquehanna and Potomac
River Basins

Volume 3.
Ohio River and

St. Lawrence River Basins

U.S. GEOLOGICAL SURVEY WATER-DATA REPORT PA-92-1
Prepared in cooperation with the Pennsylvania Department
of Environmental Resources, the Philadelphia Water
Department and with other State, municipal, and
Federal agencies



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Robert M Hirsch, Acting Director

For additional information write to
Disctrict Chief, Water Resources Division

U.S. Geological Survey, WRD
840 Market Street
Lemoyne, PA 17043

1993
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scmumx. KXVXR BAJXH

01472000 fcnnojaxz. BZVUL *r POWWOW, M,
LOCUXOH.—Lat 40'14'30", long 75839'07", Montgomery County, Hydrologic Unit 02040203, on right bank 75 ft upat

from bridge on Hanover Street in Pottatown and 0.4 ml downstream from Manatawny Creek.

DMXnoi JUUUL.--1,147 mi1.

VIKXOO or BXCORD.—October 1927 to current year. Monthly discharges only for some periods, published In HSP 1302.

.—Hater-stage recorder. Datum of gage is 117.86 ft above sea level. October 1926 to Nov. 22, 1928, nonracording
gage and Nov. 23, 1928, to Dec. 26, 1972, recording gage, at site 100 ft downstream at same datum. Dec. 27, 1972,
to May 10, 1974, nonrecording gage 1.0 mi downstream at datum 2.63 ft lower.

.—Records good except those for estimated daily discharges, which are poor. Flow regulated by Blue Marsh
Lak* (station 01470870) since April 1979 and to some extent by Still Creek Reservoir (station 01469200) since
February 1933, and by Lake Ontelaunee. Satellite telemetry at station. Several measurements of water
temperature were made during the year.

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1991 TO SEPTEMBER 1992
DAILY MEAN VALUES

OCT NOV JAN JUL SEP

1 383 436
2 380 432
3 376 425
4 372 422
5 370 407

6 476 428
7 658 456
8 512 402
9 469 366
10 415 367

11 e465 435
12 e600 458
13 e530 482
14 e480 465
15 e460 426

16 450 403
17 847 393
18 1520 381
19 1460 385
20 1010 381

21 872 429
22 645 818
23 542 3740
24 539 3410
25 550 2360

26 486 1430
27 471 1010
28 461 886
29 450 847
30 517 738
31 480

TOTAL 18246 24018
MEAN 589 801
MAX 1520 3740
MIN 370 366

e Estimated.

vaoTvnct or Movmx MU
MEAN 1101 1632
MAX 3870 3897
(MY) 1977 1951
MIN 258 309
(WY| 1931 1931

aOMBUUT aUTXBTICB
ANNUAL TOTAL
ANNUAL MEAN
HIGHEST ANNUAL MEAN
LOWEST ANNUAL MEAN
HIGHEST DAILY MEAN
LOWEST DAILY MEAN
ANNUAL SEVEN-DAY MINIMUM
INSTANTANEOUS PEAK FLOW
INSTANTANEOUS PEAK STAGE
10 PERCENT EXCEEDS
50 PERCENT EXCEEDS
90 PERCENT EXCEEDS

791
868
2600
3970
2680

2100
1830
1650
1580
2360

2220
1900
1730
1870
1760

1620
1370
1190
1030
914

996
941
918
1020
884

836
733
696
895
1260
1350

46562
1502
3970
696

M DJtXl,
2110
6805
1984
419

1931

1070
955
907
1070
1140

1020
834
874
827
898

876
850
836
1230
1610

1340
1130
1040
e990
eB80

e990
1160
991
1790
1530

1320
1180
999
918
907
963

33125
1069
1790
827

TO* mum
2132
7383
1979
316
1981

rom 1991 can
510276
1398

6000
314
338

2770
1030
416

951
8«3
836
780
747

705
689
704
676
616

602
631
595
622
821

1420
1330
1170
1100
1100

1040
978
939
957
962

1560
2120
1960
1780
——
——

29254
1009
2120
595

nau i92i
2465
5117
1971
540

1934

ana* nut

Jan 17
Sep 16
Sep 12

1600
1480
1340
1220
1130

1050
1420
1760
1550
1480

1990
2930
2560
2170
1930

1740
1590
1490
1630
1740

1620
1540
1550
1550
1410

2010
9410
10300
6640
5000
3750

78580
2535
10300
1050

• 1992
3076
8948
1936
1101
1981

3290
2830
2170
1970
1770

1600
1480
1420
1330
1260

1310
1250
1150
1080
1030

1010
1050
1090
1130
1060

1110
1600
2100
1830
2140

2070
1920
1790
1640
1530
——

48010
1600
3290
1010

, ax Mam
2880
.7820
1983
875

1985

FOR 1992 Mt
473565
1294

10300
366
400

13600
9.33

2170
1030
470

1490
1390
1310
1270
1140

1150
1080
1910
4460
3300

2520
2150
1900iaao
1760

1990
2370
1980
1850
1630

1500
1360
1270
1200
1140

1090
1550
1200
1030
1010
3020

53900
1739
4460
1010

ruut <w)
2320
7220
1989
729

1965

XUL XUR

Mar 28
Nov 9
Nov 15
Mar 27
Mar 27

5380
4230
2800
2270
3250

5490
4540
3770
3210
2530

2180
1870
1670
1500
1390

1290
1150
1100
1380
1430

1090
1030
1340
1030
1210

991
838
816
756
997
——

62528
2084
5490
756

1574
7634
1972
461

1965

793
669
644
762
763

1140
1380
768
794

1120

891
801
806
947
1100

1430
1440
1620
1320
1110

1040
979
1150
1240
1090

1090
994
1260
1280
1160
1140

32721
1056
1620
644

1269
3940
1984
302

1966

MUKK

1886
3211
843

71200
175
210

95900
a29.
3810
1290
46B

959
846
901
816
340

753
623
562
628
669

1020
976
833
923
772

661
721
826
1290
856

726
569
531
523
664

575
500
538
762
761
589

23213
749

1290
500

1048
5290
1933
301

1966

YXJUtS 1928 -

Jun 23
Sep 19
Sep 19
Jun 23

97 Jun 23

529
482
493
506
549

500
587
583
592
666

906
1040
694
627
538

491
480
509
461
438

434
462
624
701
556

2200
2240
1740
1470
1310
——

23408
780
2240
434

1068
3732
1987
256

1932

19»2

1984
1965
1972
1932
1932
1972
1972

a from floodmark.
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BZVU BAIXV

014731C9 VALLXX CUIX AT rDKm.VAVXA TDHVXKB BBIDCDE HEAR VA1XET FDUSB, PA.

LOCUX<M.--Lat 40*04'45-, long 75*27'40", Cheater County, Hydro logic Unit 02040202, on right bank, 100 ft
upatream from P«nn»ylv«nU turnpike bridge, 0.9 mi downstream from confluence with Little Valley Creek,
near Valley Forge.

rainnya juua,.~20.a mi*.
tOIOC or mCOHD.—October 1982 to current year.

.—Hater-atage recorder. Datura of gage i» 108.62 ft above sea level.

.--Record* good except those foe estimated daily discharge*, which are poor, several measurements of water
temperature were made during the year.

DISCHARGE, CUBIC FEET PER SECOND, HATER YEAR OCTOBER 1991 TO SEPTEMBER 1992
DAILY MEAN VALUES

DAY OCT HOV DEC JAN FEB MAR APR AUG

1 15 IB
2 13 21
3 17 21
4 17 21
5 IS 18

6 17 20
7 15 21a is 20
9 15 21

10 15 21

11 16 25
12 15 18
13 16 19
14 15 17
15 19 17

1C 17 1C
17 57 18
18 20 16
19 1C 15
20 12 IS

21 U 17
22 11 66
23 10 39
24 9.6 21
25 11 19

26 1C 18
27 15 18
28 1C 18
29 17 16
30 18 14
31 19 ——

TOTAL S10.8 C44
MEAN 16.5 21,5
MAX 57 86
MIN 9. a 14
CFSM .79 1.03
IN. .91 1.15

e estimated.

•nntnoi or MOMTDX mi
MEAN 21.2 29.0
MAX 34.7 48.8

<WY) 1990 19*7
HIM 15.0 19.5
<HY) 1987 1991

matt muxnxcn
ANNUAL TOTAL
ANNUAL MEAN
HIGHEST ANNUAL MEAN
LOWEST ANNUAL MEAN
HIGHEST DAILY MEAN
LOWEST DAILY MEAN
ANNUAL SEVEN-DAY MINIMUM
INSTANTANEOUS PEAK FLON
INSTANTANEOUS PEAK STAGE
ANNUAL RUNOFF (CFSM)
ANNUAL RUNOFF (INCHES)
10 PERCENT EXCEEDS
SO PERCENT EXCEEDS
90 PERCENT EXCEEDS

18
34
99
3«
24

23
22
21
24
44

23
22
22
22
19

IB
18
18
18
18

ia
IB
18
18
IB

IB
18
1C
29
19
19

752
24.3

99
16

1.17
1.34

18
18
18
23
20

19
IB
18
21
19

18
18
18
41
19

17
16
16

«15
15

15
15
30
32
20

19
19
19
18
18
18

608
19.6

41
15

.94
1.09

18
17
17
17
1C

17
17
17

el 6
15

16
17
17
17
35

32
20
20
19
19

17
16
19
20
19

29
19
19
18

——
——

SS5
19.1

35
15

.92

.99

18
17
17
16
17

16
36
21
18
26

55
24
21
20
20

19
19
19
47
26

23
22
24
21
20

49
68
27
25
24
28

803
25.9

68
16

1.2S
1.44

1 OASA FOR MAXCR XXAM 1M3 - 1»3
29.4
CO. 8
1984
18.9
19B9

TOR

29.1
40.6
1990
1C. 8
1985

im CALDD
9685.8

26.5

309
9.8

12

1.28
17.32
34
21
16

33.6
53.5
1984
19.1
1992

Aft YEAR

Jul 13
Oct 24
Oct 19

37.0
65.5
1983
17.9
1985

24
23
22
22
22

21
21
21
21
21

22
21
19
19
19

20
31
25
21
18

IB
30
20
20
24

28
21
20
20
19

——

653
21.8

31
18

1.05
1.17

19
19
19
18
18

18
18
92
35
24

22
20
20
20
20

36
22
20
20
19

19
18
18
18
19

19
19
18
17
18
CO

742
23.9

92
17

1.15
1.33

24
19
19
19
77

27
22
21
20
19

19
IB
17
17
17

16
16
16
68
22

IB
17
18
17
19

18
16
16
15
15

——

662
22.1

77
15

1.06
1.18

18
16
26
23
16

15
15
14
16
15

16
14
14
17
19

15
16
20
14
13

13
12
19
14
15

14
14
13
13
12
23

494
15.9

26
12

.77

.SB

18
13
12
13
12

12
12
12
12
11

18
13
12
15
16

15
73
20
14
12

12
11
11
11
11

11
11
11
13
11
11

459
14.8

73
11

.71

.82

11
11
14
14
11

20
24
16
14
14

19
13
13
13
12

12
12
12
13
12

12
15
20
12
26

98
27
19
16
15

——

540
18.0

98
11

.87

.97

!, BY KJUnOL WAR (WY)
43.0
98.8
1983
18.1
1985

FOR ItH
7422.

20.

99
9.

11
464

6.
.

13.
26
18
12

41.0
77.5
19B4
23.9
1992

HASER YEAR
8
3

Dec 3
8 Oct 24

Aug 22
Jun 19

IB Jun 19
98
28

30.7
49.9
1984
1C. 9
1985

29.1
46.4
1984
15.9
1992

MARK

31.
47.
20.

684
9.

11
1580

9.
1.

20.
52
24
16

25.4
36.3
1989
14.8
1992

TEAM IMS -

1
0
3

Sep 27
8 Oct 24

Aug 22
Sap 20

02 Sap 20
50
34

25.5
50.7
1989
15.4
1986

1>92

1984
1992
1985
1991
1992
1989
1989
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01474500 •CnXXJmUi RIVER AM IBXUDELHX&, Me- Continued
(M*tloul itr«M ipiallty •ooonnfaUif Mtwork rtatlon)

nuxmc* or NOMMX.Y
OCT MOV

OUA TOR HUU XIMUI 1»U - 1»2, IT MUtt XXAR (WK)

DEC JAN FEB MAR APR HAY JUN

MEAN
MAX
(WY)

MIN
(MY)

1316
4771
1956
89.4
1942

2265
6272
1973

223
1932

3054 3254
9569 11400
1984 1979
444 340

1981 1981

3641
8136
1939

£47
1934

4671
13320

1936
1552
1981

4169
11620

1983
1237
1985

3160 2136
9943 11640
1989 1972
693 261

1965 1965

JUL

1641
6434
1984
116

1966

AUG

1389
7980
1933

140
1966

SEP

1397
4863
1960

117
1932

KMORY nuxnxci
ANNUAL TOTAL
ANNUAL MEAN
HIGHEST ANNUAL MEAN
LOWEST ANNUAL MEAN
HIGHEST DAILY MEAN
LOWEST DAILY MEAN
ANNUAL SEVEN-DAY MINIMUM
INSTANTANEOUS PEAK ETON
INSTANTANEOUS PEAK STAGE
ANNUAL RUNOFF (CfSM)
ANNUAL RUNOFF (INCHES)
10 PERCENT EXCEEDS
SO PERCENT EXCEEDS
90 PERCENT EXCEEDS

TOR 19*1 nT.MDAB YEAR

775857
2126

FOR 1>92 NttSR MAR

681419
1862

YEARS 1032 - 19B2

11300
294
343

1.12
15.25

4740
1560
501

Jan 12
Sap 14
Smp 13

13700
476
555

15100
8.36
.98

13.39
3250
1410
654

Mac 28
Oct 5
Oct 1
Mar 28
Mar 28

2669
4791
1014
93400

.60
24

103000
14.65
1.41

19.16
5770
1640
407

1984
1965

Jun 23 1972
Sep 2 1966
Sep 28 1941
Jun 23 1972
Jun 23 1972
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25 § 93.2 ENVIRONMENTAL RESOURCES Pt. I

§ 93.2. Scope.
(a) This chapter sets forth water quality standards for the waters of

this Commonwealth. These standards are based upon water uses which are
to be protected and will be considered by the Department in its regulation
of discharges.

(b) Where interstate or international agencies under an interstate
compact or international agreement establish water quality standards
regulations applicable to the waters of this Commonwealth more stringent
than those in this title the more stringent standards shall apply.

Source

The provisions of this S 93.2 amended through March 8, 1985, effective February 16,
198S, 15 Pa.B. 907. Immediately preceding text appears at serial page (50936).

Notes of Decisions

Denial of an application for a mine drainage permit cannot be based solely on the ground
that the watershed has been designated a conservation area as defined in this section.
Doraville Enterprises v. Commonwealth, 73 Pa. D.AC.2d 635, 644, 645 (1975).

§ 93.3. Protected water uses.
Water uses which shall be protected, and upon which the development

of water quality criteria shall be based, are set forth, accompanied by
their identifying symbols, in the following Table 1:

Table 1
Symbol Protected Use

Aquatic Life
CWF Cold Water Fishes—Maintenance and/or propagation of fish

species including the family Salmonidae and additional flora
and fauna which are indigenous to a cold water habitat.

WWF Warm Water Fishes—Maintenance and propagation of fish
species and additional flora and fauna which are indigenous
to a warm water habitat.

MF Migratory Fishes—Passage, maintenance and propagation of
anadromous and catadromous fishes and other fishes which
ascend to flowing waters to complete their life cycle.

TSF Trout Stocking—Maintenance of stocked trout from
February 15 to July 31 and maintenance and propagation of
fish species and additional flora and fauna which are
indigenous to a warm water habitat.

93-6
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Symbol Protected Use
Water Supply

PWS Potable Water Supply—Used by the public as defined by the
Federal Safe Drinking Water Act, 42 U.S.C. § 300F, or by
other water users that require a permit from the Department
under The Pennsylvania Safe Drinking Water Act (35 P. S.
§§ 721.1—721.18), or the act of June 24, 1939 (P. L. 842,
No. 365) (32 P. S. §§ 631—641), after conventional
treatment, for drinking, culinary, and other domestic
purposes, such as inclusion into foods, either directly or
indirectly.

IWS Industrial Water Supply—Use by industry for inclusion into
nonfood products, processing and cooling.

LWS Livestock Water Supply—Use by livestock and poultry for
drinking and cleansing.

AWS Wildlife Water Supply—Use for waterfowl habitat and for
drinking and cleansing by wildlife.

IRS Irrigation—Used to supplement precipitation for growing
crops.

Recreation
B Boating—Use of the water for power boating, sail boating,

canoeing, and rowing for recreational purposes when surface
water flow or impoundment conditions allow.

F Fishing—Use of the water for the legal taking of fish.
WC Water Contact Sports—Use of the water for swimming and

related activities.
E Esthetics—Use of the water as an esthetic setting to

recreational pursuits.

Special Protection
HQ High Quality Waters—A stream or watershed which has

excellent quality waters and environmental or other features
that require special water quality protection.

EV Exceptional Value Waters—A stream or watershed which
constitutes an outstanding national. State, regional or local
resource, such as waters of national, State or county parks
or forests, or waters which are used as a source of unfiltered
potable water supply, or waters of wildlife refuges or State
game lands, or waters which have been characterized by the
Fish Commission as "Wilderness Trout Streams," and other
waters of substantial recreational or ecological significance.

93-7
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25 § 93.4 ENVIRONMENTAL RESOURCES Pt. I

Symbol Protected Use
Other

N Navigation—Use of the water for the commercial transfer
and transport of persons, animals, and goods.

Source
The provisions of this § 93.3 amended February 15, 1985. effective February 16, 1985, 15

Pa.B. 544. Immediately preceding text appears at serial pages (50936) to (50938).

Cross RefertNcei
This section cited in 25 Pa. Code j 287.1 (relating to definitions).

§ 93.4. Statewide water uses.
(a) Those uses set forth in the following Table 2 were considered in

determining the water quality criteria applicable to the particular waters
listed in § 93.9 (relating to designated water uses and water quality
criteria) except where otherwise indicated in such section.

TABLE 2
Symbol

WWF

PWS
IWS
LWS
AWS
IRS

B
F
WC
E

Use
Aquatic Life
Warm Water Fishes
Water Supply
Potable Water Supply
Industrial Water Supply
Livestock Water Supply
Wildlife Water Supply
Irrigation
Recreation
Boating
Fishing
Water Contact Sports
Esthetics

(b) Less restrictive uses than those currently designated for particular
waters listed in § 93.9 may be adopted where it is demonstrated that:

(1) The existing designated use is not attainable because of natural
background conditions;

(2) The existing designated use is not attainable because of irretriev-
able man-induced conditions; or

(3) Application of effluent limitations for existing sources more
stringent than those required under 33 U.S.C. § 1311, in order to attain
the existing designated use, would result in substantial and widespread
adverse economic and social impact.

93-8
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Cross References

This section cited in 25 Pa. Code S 93.5 (relating to application of water _quality criteria
to discharge of pollutants).

§ 93.5. Application of water quality criteria to discharge of pollutants.
(a) Application of effluent limitations. The water quality criteria

prescribed in this chapter for the various designated uses of the waters of
this Commonwealth apply to receiving waters and are not to be
necessarily deemed to constitute the effluent limit for a particular
discharge, but rather one of the major factors to be considered in
developing specific limitations on the discharge of pollutants. Where water
quality criteria become the controlling factor in developing specific
effluent limitations, the procedures in § 95.3 (relating to waste load
allocations) wilt be employed.

(b) Design conditions.
(1) Except if otherwise specified in this chapter, the water quality

criteria in this chapter shall be achieved at stream flows equal to or
exceeding Q7.|0. For streams where the Q7.lo flow is estimated to be
zero, water quality criteria shall be achieved at the first downstream
point where the stream is capable of supporting designated water uses,
as defined in § 93.4 (relating to Statewide water uses).

(2) The Department may impose more restrictive design stream flow
conditions where, in its judgment, the conditions are necessary for the
protection of designated water uses.

(3) In establishing effluent limitations based on water quality criteria
in this chapter, the Department may consider design conditions includ-
ing, but not limited to, temperature, pH and hardness. The combination
of design conditions shall provide a minimum 99% level of protection.
(c) Application of ambient stream concentrations. Where adopted

water quality criteria as set forth in § 93.9 (relating to designated water
uses and water quality criteria) are more stringent than ambient stream
concentrations of specific water quality indicators, the ambient stream
concentrations shall be deemed to be the applicable criteria used to
establish specific effluent limits.

(d) Application of osmotic pressure criterion for protection of aquatic
life. To protect aquatic life and irrigation where it occurs, the amount and
composition of total dissolved solids in discharges into the surface waters
of this Commonwealth shall be controlled so that the osmotic pressure of
the receiving waters does not exceed either the criteria listed in paragraphs
(I) or (2):

(1) Fifty milliosmoles per kilogram at any time.

93-9
(167771) No. 213 Aug. 92



Pt. I Ch. 93 WATER QUALITY STANDARDS 25 § 93.9

icdiate
iiate."
5, 513

ion by
ihorus
nd are
lement
•nmen-

would
ed for
d tv-
itic
uitaBnr
mental

ider a
nained
gcs in
mental

'gcther
er and
s been
ent of

elating
es); 25
tan'
eiat*-_
e); 25
ing to

• ylvania

93-31
(167793) No. 213 Aug. 92

.--• \( tf-.V. '*.".;s..-(«>)*'• 4-T-y *<**"
i1"**^'$&**•t^lRf\^>:^'-

, •'-*v *••.•- 'V-<• '*»• '-•
^n"^_H'- :^ _!*-.!• '• '*-. ' • i -
' " • • • :> - -"'";. .4-^'
• -•,'. '--..... . ; -i

•^^St^v^iifiitiyi^isf^i^ .„•,,,



25 § 93.9f

§ 93. 9f. Drainage

i

ENVIRONMENTAL RESOURCES

List F.

Delaware River Basin In Pennsylvania

Pt. I

SchuyUU River

S4re»BI

1— Delaware Estuary
2— Schuylkill River

3 — Unnamed
Tributaries to
Schuylkill River

3— Big Creek
3— Silver Creek
3— Mill Creek

4— Mud Run

4 — Mud Run

5— Kaufman Run

5— Kaufman Run

4— Mud Run

3— Mill Creek

4 — Unnamed
Tributaries to
Milt Creek

4— Tar Run

(170052) No. 216 Nov.

Zone

Main Stem,
Source to
Little
Schuylkill
River
Basins,
Source to
Little
Schuylkill
River
Basin
Basin
Basin, Source
to Mud Run
Basin, Source
to Schuylkill
County
Municipal
Dam
Basin,
Schuylkill
County
Municipal
Dam to
Kaufman
Run
Basin, Source
to Schuylkill
County
Municipal
Dam
Basin,
Schuylkitl
County
Municipal
Dam to
Mouth
Basin,
Kaufman
Run to
Mouth
Main Stem,
Mud Run to
Mouth
Basins, Mud
Run to
Mouth
Basin, Source
to Schuylkill
County
Municipal
Dam

92

CoiMly

Schuylkil!

Schuylkill

Schuylkill
Schuylkill
Schuylkill

Schuylkill

Schuylkill

Schuylkill

Schuylkitl

Schuylkill

Schuylkill

Schuylkill

Schuylkill

93-50

Water Uses
Prelected

CWF

CWF

CWF
CWF
CWF

HQ-CWF

CWF

HQ-CWF

CWF

CWF

CWF

CWF

HQ-CWF

Copyright © 1992 Com'

Exceptions
To Specific
Criteria

None

None

None
None
None

None

None

None

None

None

None

None

None

nonwealtti of Ptniuytvattia

Ch. 93

Stream

4— Tar Run

4— Wolf Creek

4— Wolf Creek

3— Tumbling Run

3-— Tumbling Run

3— West Branch
Schuylkill River

3— Mahanhon Creek
3— Red Creek
3— Plum Creek
3— Pine Creek
3— Bear Creek
3— Stony Creek
3~ Little Schuylkill

River
4— Still Creek

4— Still Creek

3— Liitle Schuylkill
River

4— Owl Creek

4— Owl Creek

3— Little Schuylkill
River

WATER QUALITY STANDARDS

Zone

Basin,
Schuylkill
County
Municipal
Dam to
Mouth
Basin, Source
to Schuylkill
County
Municipal
Dam
Basin,
Schuylkill
County
Municipal
Dam to
Mouth
Basin, Source
to Schuylkill
Haven Dam
Basin,
Schuylkill
Haven Dam
to Mouth
Basin

Basin
Basin
Basin
Basin
Basin
Basin
Basin, Source
to Still Creek
Basin, Source
to Tamaqua
Water Supply
Dam
Basin,
Tamaqua
Water Supply
Dam to
Mouth
Basin, Still
Creek to Owl
Creek
Basin, Source
to Lower
Tamaqua
Dam
Basin, Lower
Tamaqua
Dam to
Mouth
Basin, Owl
Creek to
Mouth

Cowl?

Schuylkill

Schuylkill

Schuylkill

Schuylkill

Schuylkill

Schuylkill

Schuylkill
Schuylkill
Schuylkill
Schuylkill
Schuylkil]
Schuylkill
Schuylkill

Schuylkill

Schuylkill

Schuylkill

Schuylkill

Schuylkill

Schuylkill

93-51

Wiler Uses
Protected

CWF

HQ-CWF

CWF

HQ-CWF

CWF

CWF

CWF
CWF
CWF
CWF
CWF
CWF
CWF

HQ-CWF

CWF

CWF

HQ-CWF

CWF

CWF

25 § 93.9f

Exception
To Specific
Criteria

None

None

None

None

None

None

None
None
None
None
None
None
None

None

None

None

None

None

None
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